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ABSTRACT 


Power-line noise (PLN) is a major contribution to factors 
which cause the loss of signals at naval receiving sites. Navy 
Signal-to-Noise Enhancement Program (SNEP) teams have 
developed portable instrumentation for the location of RE 
noise-producing power-line hardware. An important component of 
this instrumentation is a lightweight antenna with modest 
directivity and wide bandwidth (60-800 MHz). 

The purpose of this study is the design, construction, 
analysis and measurement of three customized Log-Periodic 
Dipole Arrays (LPDA) for use in locating PLN sources. 
Modifications to standard LPDA designs include a feeder boom 
with convenient construction features and emphasis on a 
compact, lightweight, portable structure. The Numerical 
Electomagnetics Code (NEC) was used to analyze the performance 
of the various designs. Input impedances were measured in 
operational environments using network analyzers. The final 
designs were field-tested at a U.S. Naval site in Okinawa and 


found to be completely acceptable for SNEP use. 
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I. INTRODUCTION 


Noise from sources on, or associated with, power lines is 
often the primary factor degrading the performance of 
receiving sites. While most sites have modest amounts of 
power-line noise, its level at some sites is so severe that 
all Signals of Interest (SOI) are below the level of 
power-line noise. Such sites are ineffective and corrective 
actions must be taken to detect and eliminate the sources of 
the noise. 

Signal-to-Noise Enhancement Program (SNEP) teams have 
developed procedures and specialized instrumentation that 1s 
specifically designed to obtain the information needed for the 
identification, measurement, and mitigation of all factors 
that adversely affect the performance of a receiving site 
[Ref. 1]. This instrumentation contains several mobile and 
portable equipment configurations for the detection of RF 
noise emanating from power-line hardware. 

The portable instrumentation requires broadband 
(60-800 MHz) compact, light weight directional antennas, for 
locating power-line hardware noise sources. The choice of 
Log-Periodic Dipole Arrays (LPDA) evolved from various 
attempts to use less capable sensors. The LPDA has identical 


performance and electrical characteristics over a band of 


freguencies, rather than a distinct frequency, and therefore 
is characterized as a "frequency independent" antenna. 

The purpose of this thesis is the design, construction, 
and evaluation of the performance of LPDAs to support the 
power-line noise location system. These antennas must cover 
frequency bandwidths of 60-150 MHz, 100-800 MHz, Wand 
200-800 MHz, respectively. The basic design features of small 
Size, light weight and portability, are all factors that 
constrain the antenna gain and the choice of GOSS teoioe 
materials. 

Chapter II describes the causes of, the mitigation of, and 
the methods of locating power-line noise. It also analytically 
describes the design procedure for the LPDA. 

Chapter III contains a description of the geometry and 
electrical performance of the LPDAs and a detailed description 
Of" their Consti u Cramm 

Chapter IV describes LPDA modelling using the Numerical 
Electromagnetics Code (NETA Included are calculated 
electrical performance, measurements and field trails 
performed to evaluate the LPDAs, and the comparison of the 
data obtained from the two different approaches. 

Finally, in Chapter V, the results of the evaluation and 
recommendations regarding the design of the LPDAS are 


summarized: 


II. BACKGROUND 


A. POWER-LINE INTERFERENCE 

lederne NMolsemeclluctonr=can=orugamate from™sources or 
high voltage transmission lines, from distribution-line 
hardware, and sometimes from industrial and other users of 
electric power. Radio Frequency Interference (RFI) from power 
lines is principally caused either by small spark or corona 
(electrostatic) discharge. The RFI sound in a radio receiver 
Zee undulating, frying, buzzing, or scratching noise. Power 
line RFI can be traced to several sources: 


* Interference attributed to the components of a 
transmission or a distribution system. 


e Interference attributed to "consumer" equipment connected 
to distribution power lines. 


* Interference remotely generated and coupled into the line 
by normal electromagnetic propagation. 


The operation of most sources of power-line noise is 
highly dependent on weather, wind, and the physical condition 
of power-line hardware. The variable and erratic operation of 
most sources of power-line noise makes it very difficult to 
accomplish effective mitigation actions without the proper 


instrumentation and measurement procedures. 


B. THE MITIGATION OF POWER-LINE NOISE 

A multiple step procedure for the mitigation of power-line 
noise has evolved from several years of work at naval 
receiving sites by SNEP teams. This technical approach can be 
summarized in the following basic steps [Ref. 1]: 
e Identify and locate on a map all power lines that are 
within line-of-sight of the uppermost part of EM 
receiving antenna, regardless of distance from the 
antenna. 
* Measure the temporal and spectral properties of all forms 
of noise at the output ports of the RF distribution system 
of a receiver site. Sort the various types of noise into 
categories. Identify the output ports cont a Mii 
power-line noise and determine the direction to each 
source. Repeat this procedure several times each day and 
for several days of the weex. 
e Simultaneously, with the previous step, conduct an 
external noise survey along power lines that are within 
azimuth sectors, shown by internal measurements to contain 
active sources. Locate poles or support towers that 
contain active sources of noise. 
e Identify the specific hardware components containing 
power-line noise sources and develop a mitigation program 
to eliminate the sources. 
C. LOCATION OF POWER-LINE NOISE SOURCES 

SNEP teams have developed specialized instrumentation in 
order to obtain the information needed for the identification 
and measurement of the factors that affect the performance of 
a receiving site. 

There are two methods which have proven successful for 


locating sources of power-line noise. Figure 1 describes an 


instrumentation configuration installed in a noise-guiet 


vehicle and used in the "moving-vehicle location technique", 
while Figure 2 illustrates instrumentation used where roadways 
are not available for vehicle travel, or when only portable 
instrumentation is available. 

The moving-vehicle location technique involves driving 
along sections of a power line suspected of containing sources 
of noise, and watching a three-axis spectrum analyzer display 
for sudden increases in the freguency of observed noise. If a 
source is active, power-line noise will appear on the 
low-freguency end of the display. As a source is approached 
the maximum freguency of the noise will increase. This process 
must be repeated until a sharp peak in maximum freguency is 
shown on the display. Whenever a sharp peak occurs the vehicle 
will be passing a pole or some other component of a power line 
Mem@edining amsource. Figure 3 illustrates the frequency 
increment produced by the instrumentation. Figure 4 shows the 
location of two gap noise sources. In both figures the ambient 
Signals from television, FM broadcast, and land mobile radio 
services can be observed. 

The second location technique uses simpler equipment. 
While not as effective nor as fast as the first technique, 
most sources can be located with the simple equipment shown in 
Figure 2. In practice, the receiver is tuned to a frequency of 
60-80 MHz; a rod antenna is used and the receiver is moved 
along a power line until noise is detected. The receiver can 


be hand carried along a power line, or it can be carried by a 
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Source (From Ref.l). 
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(From Ref.1). 


noise-quiet vehicle. A roof-mounted rod antenna has been found 
B De êffectivemin locating#the general vicinity of a source. 
The frequency of the receiver is then increased in about 
30 MHz increments and moved along the power line until the 
source of the noise is localized to a single pole. The 
oscilloscope can be used to observe the temporal structure of 
the noise to aid in determining the type of the source. 
Sometimes it is impossible to tell if a noise source is 
located on a single pole or another nearby power pole with the 
simple instrumentation. In suche cases, a broad-band 
directional antenna is required to locate the source. It is 
used to replace the rod antenna for directional measurements 
in the immediate vicinity of the source. By pointing the 
antenna at each pole and measuring the amplitude of the noise, 
memes possible to identifyewhichepole contains a source. This 
approach is required whenever a source is located among 


complex power-line hardware configurations. 


D. LPDA DESIGN PROCEDURE 

A log-periodic dipole array antenna is a 
"frequency independent" antenna which performs almost 
identically over a band of frequencies. The basic concept for 
wide-band performance is the absence of characteristic lengths 
in the antenna structure; that is if the structure repeats 
Wed by a particular dimensional scaling ratio t it will 


have the same properties at frequency f as at frequency t'f. 


The result of this scaling is that the geometry of 
log-periodic antenna structures is chosen so that wan 
electrical properties repeat periodically, with a period of 
the logarithm of the frequency. 

R.L.Carrel, of the University of Illinois, conducted an 
extensive analysis of the LPDA in his doctoral dissertation. 
He developed a computer code to compute impedances, radiation 
patterns, and voltage and current distributions on more than 
100 different LPDAs. He then compared the calculations with 
corresponding experimental models with excellent 
agreement. (Ref. 2] 

There are two basic parameters in the design of an LPDA: 
the scale factor T, and the angle formed between the center 
line and the tips of the dipoles Œ. An alternate parameter O 
is an "aspect ratio" for each cell Consisting of a senile 
dipole and the transmission line between that dipole and the 
next adjacent dipole. 

Figure 5 illustrates the geometry , connection method, 
feeding method, and the basic parameters of an LPDA. 
Examination of the geometry discloses that the scale factor, 
the apex angle and the aspect ratio are related by the 


equation: 


O= 0.25 2S Wa conc (1) 


The method of feeding provides a built-in broadband balun 


and in addition introduces a 180° phase shift between adjacent 


JO 


=> 
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| 
| 
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Figure 5. (a) Geometry of the LPDA, (b) Feed and Connection 
Method. 


elements. By using a twin-boom feeder and the connection 
method shown, the input current of a few dipoles will be 
significantly larger than any of the others. These dipoles are 
called the active region of the LPDA and they produce most of 


tne radiated fields. 
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As the frequency changes, the active region will move 
along the axis of the LPDA in a manner such that EM 
dimensions of the active region, in wavelengths, remain almost 
constant. For this reason the radiation pattern is insensitive 
to frequency changes. The band of frequency-independent 
patterns is somewhat less than the ratio of the longest to the 
shortest dipole lengths. This ratio, called the structure 
bandwidth B., 1s given by: 

lä ; (2) 
where L, and L, represent the length of the first (longest) 
and last (shortest) dipoles of the LPDA respectively. 

The operating bandwidth B and the structure bandwidth B. 


are related by: 


DM (3) 


ar 


where B, is the bandwidth of the active region, and depends 
on the parameters of the LPDA. An empirical formula exists for 


thelical cia or o te E 


= eV (4) 


Once the dipole base currents have been determined, the 
far-fields can be calculated and from them the directivity. 
These data can be represented as plots of constant directivity 


contours, on t and O axes, as represented in Figure 6. 
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icon enc. the WEBBER depends on the design 


Beccirications. lItican be computed as 


L Ï 1 
—— 7 VEZEM COE ,; (5) 
Max 4 Di 


where À,,,, Corresponds to the lowest frequency of the design. 


The number of elements N of the LPDA is: 
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Figure 6. Computed Contours of Constant Directivity for 
ASNO) and-.L/D=177 (From Ref.2Z). 


13 


TO compute the length of each element L, the lasi 
element of the LPDA is set equal to a half wavelength at the 
lowest usable frequency. Then the length of all successive 


elements 1S computed as: 
Dx ccu | (7) 


The relative spacing d, between successive elements of the 


LPDA is given by: 
O: Lo (8) 


The next step in the design is setting the input impedance 
of the feeder R, to the desired value. As an intermediate 
step, the length-to-diameter ratio L/D for the elements is 
selected. Using Figure 7, the average characteristic impedance 
of the dipole Z, is computed. 

A mid-step of the design of the feeder input impedance is 
the computation of the relative aspect ratio O, which 


given from the equation: 


o-.9 . (9) 


Using the relative aspect ratio O' and Figure 8, the feeder 
characteristic impedance is computed. 

This particular design of the LPDAs deviates from Carrel's 
original design. Instead of round tubes, two U-shaped aluminum 
channels are used as feed lines for the antenna. This choice 


was made because the aluminum channels provide light structure 
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Figure 7. Average Characteristic Impedance of a Dipole versus 
Mwackness Ratio (From Ref.2). 


weight, easy scaling during the construction, and convenience 
in assembling/disassembling the antennas. 

To obtain the desired feeder input impedance, the 
characteristic impedance must be selected. For U-channel booms 
this is done by fixing the separation distance between the two 
channels of the feeder as shown in Figure 9. 

Since an equation for the calculation of the separation 
distance s does not exist, an approximate formula is used. 
From transmission line theory, the characteristic impedance of 


a parallel-plate waveguide is given by: 


IÐ 
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Figure 8. Relative Feeder Impedance versus Relative Dipole 
Impedance (From Ref.2). 





(b) End View. 


Figure 9. Geometry of the Feeder: (a) Side View, 
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Z= Le: / (10) 





where s is the distance between the plates, w is the width of 
the plates, and n, is the intrinsic impedance of free space. 
The equation used in the design is based on Equation (10), 
but modified to allow for 10% losses due to the fringing 
effect of the sides of the channels. The final formula is: 
Duc 
be | (11) 
Mere is a Graphical solution for Equations (1) through 


(6) using a series of nomographs, but it is less accurate. 
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III. @LPDA DESIGN AND CONSTRUCTION 


TO support the instrumentation described in Chapter II, 
three LPDAs covering 200-800 MHz, 100-800 MHz, and 60-1509 
were designed and constructed. The portability of the antennas 
limits their size, resulting in low gain. Aluminum was chosen 
for the construction material to meet requirements of strength 
and low weight. Elements were fabricated from 2011 aluminum 


SOlid eas. 


A. 200-800 MHz LPDA 
1. Design 

A moderate antenna gain of 6.9 dBd was considered to 
be acceptable in view of the size and weight limitations of 
this design. By using Figure 6, a scaling factor of T=0.89 was 
chosen, resulting in a short boom length with a corresponding 
aspect ratio of 0=0.09. 

Following the design procedure of Chapter II, the LPDA 


characteristics are: 


e Apex Angle a=17* 

* Active Region Bandwidth B,,=1.4 

+ Structure Bandwidth BE Ne 

* Boom Length L=1.008 m 
e Number of Elements N=16 
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SCA NM NE NS ao the length L, and the 
relative spacing d, of the elements were computed. The results 
are summarized in Table 1. After selecting a thickness ratio 
L/D=87 and a feeder input impedance R,=50Q, ETGUTEE" Mand g, 


and Equations (9) through (11) were used to compute the 


following characteristics of the antenna: 


e Dipole Average Characteristic Impedance Z,=260 Q 
* Relative Aspect Ratio 0'20.095 
* Feeder Characteristic Impedance Ep 550 

* Distance between Boom Channels s=2.5 mm 


Finally, the diameter of each element was calculated to 
satisfy the selected thickness ratio. The results are shown in 
Table 1. 
2. Construction 
Tne feeder consists of two identical 6063 aluminum U- 

sued channels, 0.5"x0.5"x0.093" (width-height-thickness). 
Because the calculated element diameters do not correspond to 
readily available aluminum rod sizes, all elements were 
divided into three groups, each group having a diameter equal 
to that of standard rod stock. These groups are: 

e Elements 1 through 5: D=3/16" 

e Elements 6 through 10: D=5/32" 


* Elements 11 through 16: D=1/8" 


T9 


TABLE 1 
COMPUTED ELEMENT LENGTHS, DIAMETERS, AND RELATIVE SPACING 


200-800 MHz LPDA 


se fee fe 
Lo pom | | 
e | | n 
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0.147 ORO 0.026 
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The 


above chosen to. hold 


WCIS 


group SRI Sons antenna 


dimensions as close to the theoretical design as possible. 


To excite both channels of the feeder boom, an electrical 


WaHe ction (Short circuit) was made at the end of the antenna 


Bu stance 0-0.1 m from the first element 


The LPDA as 


constructed is shown in Figure 10 
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Figure 10 


B. 100-800 MHz LPDA 


1. Design 


An antenna gain of 6.3 dBd was selected for this 


design. A scaling factor of T=0.884 was chosen, resulting in 


an aspect ratio of 6=0.06 


ZIL 


The antenna parameters are: 


e Apex Angle Us SO 

* Active Region Bandwidth DAA 3] 

* Structure Bandwidth B = 005492 

e Boom Length L-1.405 m 
* Number of Elements N-20 


For a thickness ratio L/D=100 and feeder input 


impedance of R,=500, the characteristics of the LPDA are: 


e Dipole Average Characteristic Impedance 2,7283 Q 
* Relative Aspect Ratio o =0 ae 
e Feeder Characteristic Impedance Z,=81 O 
e Distance between Boom Channels s=6 mm 


Calculated element length, diameter, and relative 
spacing are shown in Table 2. 
2. Construction 
The feeder 6063 aluminum U-shaped channels are 
1.0"x1.0"x0.125" (width-height-thickness). Element group sizes 
are: 
* Elements 1 through 5: D=9/32" 
e Elements 6 through 10: D=1/4" 
* Elements 11 through 16: D=5/32" 
e Elements 16 through): POP 
The feeder boom electrical connection was placed at 
distance 0=0.1 m from the first element. The LPDA is shown in 


Figure 11. 
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100-800 MHz Log-Periodic Antenna. 


Figure 11. 


60-150 MHz LPDA 


e. 


Design 
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The scaling 


.0 dBd was chosen. 
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0.87 was selected and the correspond 


Factor t 


d. The results are 
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TABLE 2 
COMPUTED ELEMENT LENGTHS, DIAMETERS, AND RELATIVE SPACING 


100-800 MHz LPDA 


| ancta (m) | DIAMETER (m) 
E 0.0043 
à 0.0062 
T 0.0055 
E NETTE 
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A thickness ratio of L/D=150 and a feeder input 


impedance of R,=50Q, resulted in LPDA characteristics of: 


* Dipole Average Characteristic Impedance 2,7325 O 
* Relative Aspect Ratio 5109086 
* Feeder Characteristic Impedance Zo-70 Q 

e Distance between 300m Channels s=5.2 mm 


Computed element lengths, diameters, and relative 


spacing are in Table 3. 


TABLE 3 
COMPUTED ELEMENT LENGTHS, DIAMETERS, AND RELATIVE SPACING 


60-150 MHz LPDA 


ELEMENT # LNGIH [m] SPACING [m] 


10 


25 


2. Construction 
The feeder U-channels are 1. 0151 ONE 
(width-height-thickness). Element group sizes are: 


* Elements 1 through 3: D=5/8" 


e Elements 4 through 6:  D-3/8" 


e Elements 7 through 10: D=1/4" ` 
The feeder boom electrical connection is at a distance 
of 020.15 m from the first element. The LPPA SES Kor 


Figure 12. 
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Figure 12. 60-150 MHz Log-Periodic Antenna. 


D. CONSTRUCTION DETAILS 
The feed point, electrical connection, and element 
attachment method are identical in all three designs. They are 


presented in a series of photographs, shown in Figures 13-17. 


26 


O paro So O Da 


^ 


77 


^ 


G, 
E 


"Connection. 


1 persa gg Ge 
EE 


VL, 


^ 


PA dues 7 Mer - 


TE md 


MEN 
oss syns 


Na 
Se 


ASA ava N 


SI 
N 


MN 
Ne 


M 
ANTA P 


PR 
"NEM 


SS 
rm 


N 
NN 
NIN 


„` 
A 
P 
4 
4 
4 
2 
Zz 
i 
; 
d 
4. 
4. 
VA 
Z 
5 
w 
ç 


SUN 
NAN 


NN 
NL 
SSA 
Ny 


DIN 
N 
SS 
NN 


O 
KANNAN WSN 


WSS S 


Lower Boom Channel Feed Poin 


` 


SKN 
SINS 
NSW 


NN 
SS 
s V 


Upper Boom Channel Feed Point Connection. 


de 


S RARA AA AAA YON DA ma I 
NIN 
SS 


SINON 
NNN 
SS 

k `. 


N 
NA: 


NN 


«NG 


NON 
Ws 
ENER 


s 
` 


^ 


NNN 
SS 

S 

NORD: 

x 


N 


NN 


R 
A A 


N 


no, Sile 

A kinn ng 

A n, 

a m i 

da Pa de 0 WI 

¿er 7.3 JN um 
po Dee. e 


N 
qoe 


N 
s 
N 


APL 


Figure 14. 





Figure 13. 
=“ 





27 





l Connection at the End of the Feeder. 
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(Top View). 


Element Attachment to the Feeder 
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Figure 17. Element Attachment to the Feeder (Side View). 
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IV. NEC ANALYSIS AND MEASUREMENTS 


A. THE NUMERICAL ELECTROMAGNETICS CODE 
1. Introduction 

The Numerical Electromac: zics Code (NEC)-Method of 
Moments i a user-oriented comput - code for analysis of the 
electromagnetic response of thin-wire antennas and closed 
metal structures. It is based on the numerical solution of 
integral equations for the currents induced on the structure 
by sources of incident fields or by local sources n 
structure. This approach avoids many of the simpe g 
assumptions required by other solution methods and provides a 
highly accurate, versatile tool for electromagnetic analysis. 

The code combines an integral equation for smooth 
surfaces with one specialized for wires to provide convenient, 
accurate modeling of a wide range of structure shapes. A model 
may include non-radiating networks and transmission lines 
connecting parts of the structure, perfect or imperfect 
conductors, and lumped element loading. A structure may also 
be modeled over a ground plane which is either a perfect or 
imperfect conducto" 

The excitation can be either voltage sources on the 
structure or an incident plane wave of linear or elliptic 


polarization. The output may include induced currents or 
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em es near Selectric or Magnetic fields, and radiated 
fields. Hence, the program is suited to either antenna 
analysis or scattering and EMP studies. 

The integral equation approach is best suited to 
structures with dimensions up to several wavelengths. Although 
there is no theoretical size limit, the numerical solution 
requires a matrix equation of increasing order as the 
structure size is increased relative to wavelength. Modeling 
very large structures may require more computer time and file 
rage than is practical on a particular computing machine. 
In such cases standard high frequency approximations such as 
Geometrical Optics, Physical Optics, or the Geometrical Theory 
of Diffraction may be more suitable than the integral equation 
method of NEC. The code also contains a "Numerical Green’s 
Function" for a partitioned-matrix solution and also has a 
treatment for lossy grounds which is accurate for antennas 
very close to the ground surface. NEC also includes an option 
to compute maximum coupling between antennas. 

2. Background 

NEC solves both Electric Field Integral Equations 
(EFIE) and Magnetic Field Integral Equations (MFIE) via the 
method of moments. 

Her Me current, “two” approximation "eptions are 
available: the thin-wire kernel and the extended thin-wire 


kernel. For the thin-wire kernel, the current on the surface 


E 


of a segment is reduced to a filament of current “on an 
segment axis. Using the extended thin-wire kernel, the current 
is uniformly distributed around the segment surface. The EFIE 


used in NEC is given as [Ref. 3]: 


-8 E (7) ^ > e Ire : s Dé "ax 999 ds! EE 

where: 

$ -unit vector along the wire axis 

s’ =distance along the wire axis 

E' (F) =Incideme elect meee lc S 

0 =2nf, where f is the frequency 

T(s ) =axial current 

£ =permittivity 

K =0 (Ue)! = phase constant 

F =Observation point 

EN “Source VN 

g(F,F') =exp[-jKr/R] =free space Green's function 

R =(FZ-F"). 


NEC includes a patch option for modeling surfaces 
using the MFIE. The formulation is restricted to closed 
surfaces with non-vanishing enclosed volume. The MFIE used in 


NEC is given as [Ref. 3]: 
T (P) =29xH!""(7) + fix|J, (£z! ) xV g (zr, £ ) aa , (13) 


where: 
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M (F) @ =Surfacemetirrent “density 

ENE I temeememmagnetic field at tHe obsemvat ionepoint 
A =unit vector normal to the surface. 

3. Wire Modeling Guidelines 

Short straight segments for wires and flat patches for 
surfaces are basic elements for modelling structures in NEC. 
Since only wire antennas were investigated in this thesis, 
guidelines for these are the only ones presented. 

An antenna and any other conducting object in the 
vicinity of a test antenna that affect its performance must be 
modelled with strings of segments following the paths of the 
wires. Proper choice of segmentation is the most critical step 
in obtaining accurate results. For accuracy and efficient run- 
time, the number of segments should be the minimum required. 

A wire segment is defined by the coordinates of its 
two end points and its radius. Geometrical and electrical 
guidelines for segments are given below [Ref. 4]: 


* Geometrically, segments should follow the paths of 
conductors as closely as possible. 


* Each wire must be broken into segments of length Å, where 
0.1A<A<0.001A, for each corresponding frequency. 


* The segment length A should be 0.054 or less when 
modelling critical regions of an antenna, such as near 
multiple wire junctions or near feed points. 


* Using segments less than about 1074, should be avoided 
because it may lead to numerical inaccuracy. 
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* The wire radius must be small compared to the segment 
length A. For the thin-wire kernel approximation, 4/a must 
be greater than about 8 to obtain errors of less than 1%. 


* For the extended thin-wire kernel approximation, the 
diameter of the wire can be increased up to A/a = 2 to 
obtain the same accuracy as the thin-wire kernel 
approximation, but applies only to segments connected in 
a straight line. 


* If the distance between the ends of two segments is 
greater than about 10°° times the length of the shommeeem 
segment, NEC will not allow the current to flow from one 
segment to the other. 


e Identical coordinates should be used for connected segment 
ends. 


e The end of one wire must be connected to the junction of 
two segments on another wire, not to the mid-point of a 
single segment. 

* Large changes in radius between the two adjacent connected 
wires should be avoided. The change in radius between 
adjacent segments should be limited to a factor of two or 
less. It is also important that the largest radius not 
violate previously mentioned guidelines for the radius 
versus segment length. 


* A segment is required at each point where a network 
connection or a voltage source is located. 


* Any changes in segment length between two adjacent 
connected wires may be modelled using tapered segment 
lengths as long as the lengths of two adjacent segments 
are held to a ratio ofm TENOTS CSS 
B. LPDA MODELLING 

Using these guidelines and calculations of Chapter III, a 
log-periodic dipole antenna model was created. The U-shaped 
aluminum channel feeder was represented by a transmission line 


connected to the mid-point of each element; thus an odd number 


of segments was used for each element of the antenna. The 
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distance between the channels of the feeder corresponds to the 
calculated value of the characteristic impedance Z, of the 


feeder. 


C. NEC RESULTS 
Data sets used in the NEC LPDA model meet the following 
criteria: 
* The antennas were analyzed in free space environment. 


* A frequency step of 100 MHz was used for the 200-800 MHz 
and 100-800 MHz LPDAs. 


A step of 10 MHz was chosen for the 60-150 MHz LPDA. 
All data sets are illustrated in Appendix A. These data sets 
were used in calculating input impedance, gain, and radiation 
patterns (azimuth and elevation planes) of the LPDAS. 
Based on the calculated input impedance the VSWR was also 


Ecummeued by using the formulas [Ref. 6]: 





ELS 
VSWR- y Es j (14) 
I - | T 
= Z, - Z 
m me, (15) 
Z, + Z, 
where: 
F. =reflection coefficient 
Zo =characteristic impedance of transmission line 
Z ï = input impedance of the LPDA. 


B 


A sample of the radiation patterns is shown in Figures 18 
and 19. The total set of patterns is in Appendix B. Input 


impedance, gain, and VSWR are summarized in Tables 4, 5 and 6. 


— AZIMUTH PATTERN, B=100-800MHz, f=300MHz 
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Figure 18. Azimuth Radiation Pattern  (0-90?), f=300 MHz, 
1005-800" MAzZ ES 
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Figure 19. Elevation Radiation Pattern (Q=0%), f=300 MHz, 
100-800 MHz LPDA. 
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TABLE 4 
INPUT IMPEDANCE, GAIN, AND VSWR VERSUS FREQUENCY 


200-800 MHz LPDA 


(dB) | vs | 










osa] a 


| 700 41.4+38.5 6.91 1.30 


46.0-j3.1 


lr 


TABLE 5 
INPUT IMPEDANCE, GAIN, AND VSWR VERSUS FREQUENCY 


100-800 MHz LPDA 

















£ [MHz] 


å 
J 
i 


800 54.4-317.8 ZO 1.42 


Z 
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TABLE 6 
INPUT IMPEDANCE, GAIN, AND VSWR VERSUS FREQUENCY 


60-150 MHz LPDA 









9510 lo 33.8-320.5 SN wall 


pr mm 





D. LPDA MEASUREMENTS 

An HP-8409B automatic network analyzer was used with an 
HP-9845T desktop computer for measurements at 200-800 MHz. The 
antennas under measurement were connected to the analyzer and 
a standard reflection calibration sequence was followed. 
Scattering parameters were measured over the bandwidth of 
interest in 10 MHz steps, and were converted to input 


impedance by: 


MS S 


(16) 
c : MES - 5:2 52) 


The measured S; parameter is the output reflection 


DIS 


coefficient. Since the antenna is a one-port network, all 
other terms in Equation (16) yanis. 

For 60-200 MHz, a programmable HP-3577A network analyzer 
was used. Measured s,, parameters were automatically converted 
into input impedance in steps of 2 MHz for the 60-150 MHz 
LPDA, and in steps of 10 MHz for the 100-800 MHz LPDA. From 
the input impedance data, Equations (14) and (15) were used to 
compute VSWR. 

For comparison purposes, only the measured input impedance 
values and VSWR corresponding to the computed values are 


illustrated in Tables 7, 8, and 9. 


TABLE 7 
MEASURED INPUT IMPEDANCE AND VSWR VERSUS FREQUENCY 


200-800 MHz LPDA 


Cedo E sai È 
[200 - | 35.2.39. — | — a: D 
e sa | 1200 dd 
[sso ov | avo B 
"sn 


Se 


103. 0+j47.0 
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TABLE 8 
MEASURED INPUT IMPEDANCE AND VSWR VERSUS FREQUENCY 


100-800 MHz LPDA 


ja | 


[ Zo [Q] 
| 


ARNS ta de 


| — 





TABLE 9 
MEASURED INPUT IMPEDANCE AND VSWR VERSUS FREQUENCY 


60-150 MHz LPDA 


n eno 


ue | somo us |] 
129.0+j46.0. 
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E. NEC/MEASURED DATA COMPARISON 

To illustrate the comparison between the computed and 
measured impedance and VSWR, a graphical, rather than tabular, 
form is used. 

A Smith chart shows the input impedance. The plot is rough 
due to the large 10 MHz steps used. Because data points are 
concentrated in a small area, magnified versions of the areas 
of interest are provided. Figures 20 through 24 illustrate all 
sets of impedance data. Figure 25 shows the continuously 
measured input impedance for the 60-150 MHz LPDA, obtained 
from a plotter connected to the HP-3577A network analyzer (the 
HP-8409B network analyzer does not have this capability). 
Figures 26 through 28 show the comparison between computed and 
measured VSWR versus frequency. 

Comparison of the measured and NEC results illustrates the 
similarity of the two approaches. The VSWR, in most cases, is 
less than two, which is the desired value. The input impedance 
values are close to the desired 50% value as is shown in the 


Smith ches ES. 


F. FIELD TRIALS 

Field trials were conducted to determine the effectiveness 
of the log-periodic antennas in locating sources among complex 
power-line configurations. The first trial was held on a 
12.8 kV distribution line located near Morgan HW 


California. A noise source was known to be in the vicinity of 
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o NEC INPUT IMPEDANCE 
— MEASURED INPUT IMPEDANCE 


Figure 20. Computed and Measured Input Impedance; 200-800 MHz 
LPDA. 
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Figure 21. 
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o NEC INPUT IMPEDANCE 
— MEASURED INPUT IMPEDANCE 


Figure 22. Computed and Measured Input Impedance; 
100-800 MHz LPDA. 
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Figure 24. Computed and Measured laput means e; 
UE 450 MHz LPDA. 
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Figure 25. Measured Input Impedance; 
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Figure 26. Computed and Measured VSWR; 200-800 MHz LPDA. 
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Figure 27. Computed and Measured VSWR; 100-800 MHz LPDA. 
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Figure 28. Computed and Measured VSWR; 
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SU ISO MHz LPDA. 


a junction in"the line, but the pole containing the source mas 
not been identified. The 200-800 MHz antenna was used since it 
was the first unit available for testing. Because the spectral 
content of the particular noise source was very low at 
frequencies below 150 MHz, the frequency range of the 
200-800 MHz model was not suitable for the location of this 
particular source. Emphasis was placed on the completion of 
the 60-150 MHz and 100-800 MHz versions of the antenna wae 
provide lower frequency operation. 

The next field trial was an operational noise source 
location exercise held in the vicinity of a U.S Nam 
receiving site at Hanza, Okinawa, Japan. A noise source was 
found where a 12 kV distribution line ran along a street and 
two short spans from this line crossed to the other side of 
the street. The 100-800 MHz antenna was used to determine 
which pole contained the noise source. The source was isolated 
to a specific pole in a few minutes by scanning each pole. In 
this case the spectral content of the noise source extended to 
above 500 MHz, and the smaller 200-800 MHz antenna also was 
effective. The 60-150 MHz  log-periodic antenna was “men 
suitable for the specific noise source found at Hanza as 
contrasted to its critical need at the Morgan Hill site. 

The two field trials indicate that the smaller 200-500 Man 
log-periodic will be useful in most source location cases 
However, some sources require lower-frequency antennas. The 


100-800 MHz antenna covers the frequency range of noise 
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of noise emissions for a larger number of cases, and the 
physically large 60-150 MHz antenna is required for some 
special cases where the spectral content of the noise source 


is unusually low in frequency. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

A Signal-to-Noise Enhancement Program (SNEP) was 
established to identify and mitigate sources of radio noise 
affecting the performance of Naval receiving sites. In this 
thesis, three log-periodic dipole antennas (LPDAS) have been 
designed, constructed, analyzed, measured and tested to 
support instrumentation used by SNEP teams to locate sources 
of power-line noise. Specific uses are to locate utility poles 
containing sources of noise in situations where: 

1. Poles are closely spaced. 


2. The hardware is complex and distributed across several 
nearby poles. 


3. Multiple sources exist on several adjacent and close 
poles. 


4 .sComplex substat lonlcontighimarionse 
5. Equipment used by a power customer. 
These antennas can also be used as general purpose 
communication antennas over their frequency bandwidth. 
Specific observations are: 
1. The design is based on previously obtained theoretical 
results [Ref. 2], but differs in two major points; fimin 
U-shaped aluminum channels are used instead of round tubes 
as feeders of the antenna, and second, transmission line 


theory 1S used to compute the value of the characteristic 
impedance of the feeder. 
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2. Predicted values of input impedance of the antennas were 
computed based on a modified formula for the characteristic 
impedance of the feeder. The NEC analysis and measurements 
of input impedance showed that Equation (11) can be used 
with good agreement. 


3. Because standard aluminum stock sizes do not correspond 
with desired element diameter sizes, an average element 
length-to-diameter ratio was used instead of the computed 
one. It did not significantly affect the performance of the 
antenna, provided the transition between adjacent groups of 
constant element length-to-diameter ratio is smooth. 
4. NEC analysis was performed in a free-space environment. 
In all cases it provided nearly constant values of gain, 
deviating from the theoretical value by less than 1 dB. 
5. The comparison between NEC results and actual 
measurements of the input impedance and standing wave ratio, 
illustrate close agreement between values. The predicted 
performance of the antennas was satisfactory. 
RR Radiation patterns indicate good performance of the 
antennas with a small distortion of the main beam at high 
frequencies. This distortion does not significantly affect 
the desired operation of the LPDAs. 
7. The method of attaching elements to the feeder is very 
efficient because it provides for easy portability and ease 
replacement in case of damage during field tests. 
B. RECOMMENDATIONS 
The computation of the characteristic impedance of the 
feeder using Equation (11) showed satisfactory results. 
However, a more refined equation resulting from extended study 
may yield more accurate results. 
The placement of the short circuit at the end of the LPDA 
dramatically affects the value of the input impedance, 


especially in the lower freguencies of the operation 


dth. The optimum position of the short circuit can not 


SD 


be theoretically determined. Before constructing more LPDAs, 
the optimum position must be found by several iterations using 
NEC modelling. 

New geometrical structures of LPDAs can be created and 


modelled based on the performance of antennas in this study. 
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APPENDIX A. NEC DATA SETS 


CM 16 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.09, TAU=0.89, 
CM GAIN=6. 9 AB; DIPOLE LENGTH TO DIAMETER  RATIO=87, 
CE BOOM IMPEDANCE=65 OHMS. FREQUENCY=200 MHz.85 SEGMENTS. 
RR, 0:0,0705770707070,-0.3/5,0.0,0.00476, 


Mi 00135 0 554 0.0,0.135,-0.334,0.0,0.00476, 
003, 11,0.255,0.297,0.0,0.255,-0.297,0.0,0.00476, 
GW4,7,0.362,0.2645,0.0,0.362,-0.2645,0.0,0.00476, 
GW5,7,0.457,0.2355,0.0,0.457,-0.2355,0.0,0.00476, 
GW6,5,0.542,0.2095,0.0,0.542,-0.2095,0.0,0.00397, 
89:5. 0.617,0.1865,0.0,0.617,-0.1865,0.0,0.00397, 
eye, 5,0.684,0.166,0.0,0.684,-0.166,0.0,0.00397, 
800, 5,0.744,0.1475,0.0,0.744,-0.1475,0.0,0.00397, 
8:900. 5,0.797,0.1315,90.0,0.797,-0.1315,0.0,0.00397, 
mae 3, 0.844,0.117,0.0,0.844,-0.117,0.0,0.00317, 
AN 2,3,0.886,0.104,0.0,0.886,-0.104,0.0,0.00317, 
813-5. 0.923,0.0925,0.0,0.923,-0.0925,0.0,0.00317, 
GW14,3,0.956,0.0825,0.0,0.956,-0.0825,0.0,0.00317, 
GW15,3,0.986,0.0735,0.0,0.986,-0.0735,0.0,0.00317, 
83/75 1.012,0-0655,0.0,1.012,-0.0655,0.0,0.00317, 
GW17,1,-0.1,0.00075,0.0,-0.1,-0.00075,0.0,0.00001, 
GP 

E59. 0.0, 

BER. 0,0,200.0,0.0, 

BE, 1,1,1 

my. 1,1,6,-65.0,1000000.0,0.0,0. 000001, oer 

EM 7 6,—-65.0,0.0,0-000001,0.0,0. 000001, 0.0, 
IS 60,-65.0,0.0,0.000001,0.0,0.000001,0.0, 
MWA 4,-65.0.0.0,0.000001,0.0,0.000001,0.0, 
maa, 5,4,-65.0,0.0,0.000001,0.0,0.000001,0.0, 
TL5,4,6,3,-65.0,0.0,0.000001,0.0,0.000001,0.0, 

me, 3, 7,3,-65.0,0.0,0.000001,0.0,0.000001,0.0, 
Mees, 8, 3,-65.0,0.0,0.000001,0.0,0.000001, 0.0, 
fms, 9,3,-65.0,0.0,0.000001,0.0,0.000001, 0.0, 
TL9, 3,10, 3,-65.0,0.0, 0.000001, 0.0, 0.000001, 0.0, 
mg) 3/11, 2,-65.0,0.0,0.000001,0.0,0.000001, 0.0, 
Emu 17,2,-65.0,0.0,0.000001,0.0,0. 000001,0.0, 
MWE 2, 13,2,-65.0,0.0,0.000001,0.0,0.000001, 0.0, 
MAN 2, 14,2,-65.0,0.0,0.000001,0.0,0.000001,0.0, 
mma, 2, 15,2,-65.0,0.0,0.000001,0.0,0.000001, 0.0, 
mms, 2, 16,2,-65.0,0.0,0.000001,0.0,0.000001,0.0, 
0) 16,2, 10,1.0,0.0, 


PO, 1, Je 1000, 90. oF 00700, 


E 


RP0,361,1,1000, 000 071.0, O e 
EN 


CM 16 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACER 


CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.09, TAU=0.89, 
CM GAIN=6.9 GB DIPOLE LENGTH TO | DIAMETER  RATIO=87, 
CE BOOM IMPEDANCE-65 OHMS. FREQUENCY-300 MHz. 99 SEGMENTS. 


GW1,11,0. 
GW2 T MIROR 
Gus ur 


0,0.375,0.0,0.0,-0.375,0.0,0.00476, 
135,0.334,0.0,0.135,-0.334,0.0,0.00476, 
255,0.297,0.0,0.255,-0.297,0.0,0.00476, 
GW4,11,0.362,0.2645,0.0,0.362,-0.2645,0.0,0.00476, 
GW5,11,0.457,0.2355,0.0,0.457,-0.2355,0.0,0.00476, 
GW6,5,0.542,0.2095,0.0,0.542,-0.2095,0.0,0.00397, 
GW7,5,0.617,0.1865,0.0,0.617,-0.1865,0.0,0.00397, 
GW8,5,0.684,0.166,0.0,0.684,-0.166,0.0,0.00397, 
GW9,5,0.744,0.1475,0.0,0.744,-0.1475,0.0,0.00397, 
GW10,5,0.797,0.1315,0.0,0.797,-0.1315,0.0,0.00397, 
Gw11,3,0. 8440. 117,0. 0,0. 844, r 
GW12,3,0.886,0.104,0.0,0.886,-0.104,0.0,0.00317, 
Gw13,3,0.928,0.0925,0.0, 0,928 NT 
GW14,3,0.956,0.0825,0.0,0.956,-0.0825,0.0,0.00317, 
GW15,3,0.986,0.0735,0.0,0.986,-0.0735,0.0,0.00317, 
GW16,3,1.012,0.0655,0.0, 1. 02, S 55 0 TAR O 07) 
GW17,1,-0.1,0.0005,0.0,-0.1,-0.0005,0.0,0.00001, 
GP 

Sec 

FRO, 1, 0; 0720090070, 

PI 


TL17,1,1,6,-65.0,1000000.0,0.0 00000 UA 
TL1,6,2,6,-65.0, 0,070 0000087 oo ooo n 
TL2,6,3,6,-65.0,0.0, 000000017 0707 0 Soro r 
TL3,6,4,6,-65.0,0. 0 000000017 0 nora n 
TL4,6,5,6,-65. 0, 0. 0 FUN Ota oro A 
TL5,6,6,3,- 65. 0,0070000 0 OCA oro NU 
TL6,3,1,3,-65.0, 0007 00000 AA 
TL7,3,8,3,—65.- 05 0/0 DIDI AA RM OE 
TL8, 3,;,9,3,-65.0, 0.07 0T00000 MOm R E n 
TL9,3,10,3,-65.0, 0. 0700000 00/07 RP ro e 
TL10,3,11,2,-65,0, 000707 000007 menor o aaa n 
TLl1,2,12,2,-65.0, 0007 000000 A na 
TL12,2,13,2,=65.0,0:0,0- 00000 AU a 
TL13,2,14,2,-65.0,0.0, 000000152 Co Ca tae, 
TL14,2,15,2,—-65-.0, 0.0, 0. 0000 Gi ec OD Ua TURUN 
1L15,2,16,2;,265.0, 00707 0/000 0 gt 


EX0,16,2,10 MU 


RP0,1,361,1000, 90. 07070, 0 YO TO n 
RPO, 361, L, 10000. 0, 00 OT 


EN 
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GTO ELEMENT EGGSPERTODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.09, TAU=0.80, 
CM GAIN=6.9 dB, DIPOLE LENGTH TO DIAMETER RATIO=87, 
CE BOOM IMPEDANCE=65 OHMS. FREQUENCY=400 MHz. 127 SEGMENTS. 
NE 1, 0. a Oa OO 0.375,000,0.00476, 

RR, 0715000705 00 070079.135,-0.334,0.0,0.00476, 

EE IS 02255 02000070 0/0:255,-0.297,0.0,0.00476, 

NA 0 5602700001 ,0/0,0.362,-0,2645,0.0,0.00476, 

Sere), 0.457, 0.2355, 0.0,0.457,-0.2355,0.0,0.00476, 

MENN A-n za n n 547,-0.2095,0.0,0.00397, 

e nw 071800 0070,/0.6017, 0.1865,0.0,0.0039H 

AS 0,6984,0,166,020,0.684,-0.166,0.0,0.00397, 

Meee, 0./744,0.1475,080,0.744,-0.1475,0.0,0.00397, 


ME 5070s mS 797,—071315,0.0,0.00397, 
NS 0. 244,0. 117,0.0,0.8444-0.117,0.0,0.00317, 
NS 0.886,70. 104,0.0,0.886,-0.104,0.0,0.00317, 
EIST 25310110 9/2570 7070.923,—0.0925,0.0,0.00317, 
21:5: 0-956,0-0825,0-0,0-956,-0.0825,0.0,0.00317, 
BEEN 556 020-555420205,0.956,-0.0735,0.0,0.00317, 
GW16,5,1.012,0.0655,0.0,1.012,-0.0655,0.0,0.00317, 
EMEND 1 0500003520905 —01,—0.00038,0.0,0.00001, 
GP 

emu, 0,0.0, 

Beer |, O,0,400.0,0.0, 

Pie, 1,1,1, 

RR 1,6,-65:0,1000000/0,0.0,0.000001,0.0, 

Mwe 0 2,6,-65.0,0:0,0:000001,0.0,0.000001,0.0, 

EN 6-650 10:050 70000097, 0.0, 0.000001,0.0, 

Me 6,-65.0,0.0,0.000001,0.0,0.000001,0.0, 
EMEN. 60.—65-0,0-0,02000001,0.0,0.000001,0.0, 

um 75 ,5,—65.0,0.0,0.000001,0.0,0.000001,0.0, 

EE ©, OS -0,020,0,000001,70.0,0.000001,0.0, 
NEM. 5 —65.0.0-0,0:000001,0.0,0.000001,0.0, 
ue 4 —65 0 8.0,0.000001,0.0,0.000001,0.0, 
EE) 4,—65.0,020,0.000001,0.0,0.000001,0.0, 
EN 11,3,-65.0,0.0,0.000001,0:0,0.000001,0.0, 
BEEN 12,3,-65.0,0:0,0.000001,0.0,0.000001,0.0, 
se | 5, 5,-05.0,0.0,0.000001,0.0,0.000001,0.0, 
emer 4, 5,—-65.0,0.0,0.000001,0.0,0.000001,0.0, 
EE 15 3,—65.0,0.0,0-000001,0.0,0.000001,0.0, 
BENE 1655 ,—65,0,0.0,0.000001,0.0, 0.000001 4.0, 


m6,5,10,1.0,0.0, 

2 561,1000,90.0,0.0,0.0,1.0,0.0,0.0, 
EE ol,1,1000,0.0,0.0,1.0,0.0,0.0,0.0, 
EN 


CM 16 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.09, TAU=0.89, 
CM GAIN=6.9 dB; DIPOLE LENGTH TO DIAMETER RATIO=87, 
CE BOOM IMPEDANCE=65 OHMS. FREQUENCY=500 MHz. 161 SEGMENTS. 


DIS 


GW1,15,0. 
GW2 15/00. 
GW3, 15,0. 
GW4, 15,0. 
GW5, 15,0. 
GW6, 11,0. 
Ena ON 


0,0.375,0:0,0.0,-0.375,0,0,0,00476, 

135, 04834, 0.0,0.135 MO, 0. 0 02567 
255,0.297,0.0,0.255,-0.297,0.0,0.00476, 
362,0.2645,0.0,0.362,-0.2645, 0.0, 0. 00476, 
457,0.2355,0.0,0.457,-0.2355,0.0,0.00476, 
542,0.2095,0.0,0.542,-0.2095,0.0,0.00397, 
617,0.1865,0.0, 0.011 0 1 37 
GW8,11,0.684,0.166,0.0,0.684,-0.166,0.0,0.00397, 
GW9,11,0.744, 01475, Cee Rota 
GW10,11,0.797,0.1315,0.0,0.797,-0.1315,0.0,0.00397, 
cWw11,5,0.844,0.117,0.0 NENNE 
GW12,5,0.886,0.104,0.0,0.886,-0.104,0.0,0.00317, 
GW13,5,0.923,0.0925,0.0,0.923,-0.0925,0.0,0.00317, 
GW14,5,0.956,0.0825,0.0,0.956,-0.0825,0.0,0.00317, 
GW15,5,0.986,0.0735,0.0,0.986,-0.0735,0.0,0.00317, 
cWw16,5,1.012,0.065 00 MD PSN ää 
GW17,1,-0.1,0.0003,0.0,=0.1,-0.0003,0.0,0. 00001, 
GP 

OOO 

PRO, 1,0, 05000000 O 

pe 19600 


TL17,1,1,8,-65 01000000 NPE 
TL1,8,2,8,-65.0,0:0,0. 000001, 0707/020000\2Ë4,7/7207 
TL2,8,3,8,-65.0,0.0,0. 000001, 00 RO on n 
TL3,8,4,8,-65.0,0.0,0. 0000017 (UFC oco nu 
TL4,8,5,8,-65. 00 00000000 Virna 
TL5,8,6,6,-65.05.0—0 7 0 20100000 190 com ONNEN 
TL6, 6, 7,6,-65 .0, 0-0, 02000001, ORO ee UO CC uaa, 
TL7,6,8,6,-65.0,070, 0700000170 ooo um TE 
TL8, 6,9,6,-65.0, 040707 000001 FOTO oras S ISTUN 
TL9,6,10,6,-65.050 0 0 0909 d D 07 
TL10,6,11,3,-6540, 0007 07000005 O orar NNN 
TL11,3,12,3,-654)0, 0007 000000010 mea or 
TL12,3,13,3,265.0, 05078 OO OO On 
TL13,3,14,3,;765. 07 0 OT OROCO ER 
TL14, 3,15, 3,00 NNN 
TL15,3,16,3,=-65 00,000 070000005 0a 


EXO, 16,3, TOU en 

RPO, 1, 361, 10005 900010 OO IO 
RP0,361,1, 1000, 07070-071 0 ero 
EN 


CM 16 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.09, TAU=0.89, 
CM GAIN=6.9 dB, DIPOLE LENGTH TO DIAMETER RATIO=87, 
CE BOOM IMPEDANCE=65 OHMS. FREOUENCY=600 MHz. 185 SEGMENTS. 
GW1, 17, 040, 08875, 0.0,0.0 PENE, 
EW2,17,0.135,0.334,0.0,0. STR, 
GW3,17,0.255,0.297,0.0, 0.260 02 NONE, 
GW4,19%0.362,0.2645,04%, 0 SØREN JE NE 9 


60 


GW5,17,0.457,0.2355,0.0,0.457,-0.2355,0.0,0.00476, 
GW6,11,0.542,0.2095,0.0,0.542,-0.2095,0.0,0.00397, 
GW7,11,0.617,0.1865,0.0,0.617,-0.1865,0.0,0.00397, 
ee 11,0.684 0.166 0.0,0.684,-0.166,0.0,0.00397, 
Gwo,11,0.744,0.1475,0.0,0.744,-0.1475, 0.0, 0.00397, 
2:00. 11,0.797.0-1315,0.0,0.797,-0.1315,0.0,0.00397, 
mum 9.0.8440 1192250 .0,0.844,—-0.117,0.0,0.00317, 
GW12,9,0.886,0.104,0.0,0.886,-0.104,0.0,0.00317, 
GW13,7,0.923,0.0925,0.0,0.923,-0.0925,0.0,0.00317, 
GW14,7,0.956,0.0825,0.0,0.956,-0.0825,0.0,0.00317, 
GW15,7,0.986,0.0735,0.0,0.986,-0.0735,0.0,0.00317, 
ane, 7,1.012,0.0655,0.0,1.012,-0.0655,0.0,0.00317, 
GW17,1,-0.1,0.00025,0.0,-0.1,-0.00025,0.0,0.00001, 
GP 

270, 0,0.0, 

NFO" 1,0,0,600.0,0.0, 

PT-1,1,1,1, 


EE 1, 9,-65.00000000000,0.0,0.000001,0.0, 
t 2,9, 65.0,0:0,0:000001,0.0,0.000001,0.0, 
ee 2 -65.0,000000000001,0.0,0.000001,0.0, 
mere, 4, 9,-605.0,0.0, 0.000001, 0.0,0.000001,0.0, 
we, >, 2, 65.0, 020000000001,0.0,0.000001,0.0, 
em, 6,-65.0,00000-000001,0.0,0.000001,0.0, 
RR, 0,-65.0,07070.000001,0.0,0.000001,0.0, 
Em 5,6, 65-0,0720,0.000001,0.0,0.000001,0.0, 
MEN, ),6,-65.0,0.0,0.000001,0.0,0.000001,0.0, 
MWA, 15,6,-65-0,0-0,0-000001,0.0,0.000001,0.0, 
MWE, 11,5,-6.0,0-0,0.G00G91T,0.0,0.000001,0.0, 
RR, 12,5,-65.0,0.0,0.000001,0.0,0.000001,0.0, 
mene 15,4, 65.0,0.0,0.000001,0.0,0.000001,0.0, 
HM 14,4, -65.0,0.0,0.000001,0.0,0.000001,0.0, 
ME 15,4,-65.0,0.0,0.000001,0.0,0.000001,0.0, 
um 1. 16,4,—65.0,0.0,0.000001,0.60,0.000001,0.0, 


BE 6,4,10,1.0,0.0, 

61,1000, 90.0,0.-0,0.0,1.0,0.0,0.0, 
2mm c, 1,1000,0.0,0.0,1.0,0.0,0.0,0.0, 
EN 


Sullo ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.09, TAU=0.89, 
CM GAIN=6.9 dB, DIPOLE LENGTH TO DIAMETER RATIO=87, 
CE BOOM IMPEDANCE=65 OHMS. FREQUENCY=700 MHz. 197 SEGMENTS. 
BEES 070590.575,0.0,0.0,-0.375,0.-0, 0.00476, 

EE, 09555,0.334,0.0,0.135,-0.334,0.0,0.00476, 

EM 0.2955 45097297, 0-007255, —02297,0.:0,0.00476, 

E 0.362,0.2645,0.0,0.362,-0.2645,0.0,0.00476, 

EE 0.2500 02355,000,0.457,-0:2355,0.0,0.00476, 

eel, Ee AN 20, 9.00397, 

EEUU 520059941865, 0c 090- 6179—0:21865,0:50, 0.00397, 

meee |, 0.6604,0.166,0.0,0.684,—-0.166,0.0,0.00397, 
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GW9,11,0.7/44,0,147395,0.0,0. 14447 570-0,0. 003550 
6GW10,11,0.797,0 9151552020. 0- OO, DOC 
GW11,9,0.844, 02117707 07 036447 0 005177 
CGW12,9,0.886, Qu 1047070, 0006; = ORE O, 07005177 


GW13,7,0.923, 0,0025,0,0, 0007 00, OSOS 
GW1l4,7,0.956,0-0825,0.0,00056 0.0, OMA 
GW15,1,0.986,000/55,0 070 Cen CE 0,0 e n 
GwW16,7,1.012, 000655, 0 0 o Om 和 
GW17,1,-0.1, 0.000277 QUO O AO no s 
GP 

ER On 


FRO,1,0,0, Oo one 
Ee, E 


TLl17,1,1,10,-65.0, 1000000 Momo mo 
TEL, 10,2 10 0 o NP 000001, 0. rcge 000001, 0. 0, 
TL2,10,3,10,-0650, 0.0, 0, DIODOID TO OS OCIO ier 
TL3,10,4,10,-65.0,0.0,0. GOGO Oo Oo ooo an 
TL4,10,5,10,-65.0, 0, OO do Gwo eee 
TLS, 10, 6, 6, ~69 2070 27 Oe CO 0. 07 0. 000001, 0. OF 
TL6, 6, 7,65565 0000 S 0. w 0. 000001 T00, 
TL7; 6,8,6, 7609 0R IPE 000001,0.0,0.000001,0.0, 
TL8, 6,9,6,-65:0, 0.07 0700000 ITOT OM re ene 
TESO 10, 6, -65.0,0.0, 000000017 00 mondo, 
TL10, 6, 11, 5, -65.0, 0:.0,020000017 070 Reto e 
TL11,5,12,5,-65.0,0.0,0.000001,0.0,0.000001,0.0, 
TL12,5,13,4,-65:0,0-07 0000000 moreno 
TLi3,4,14,4,-65.0,0.0, 000000 IO 
TLI4,4,15,4,-=65.0, 0.0, GO mao, 
TLi5,4,16,4,-65. 060 0700000 Oo on 


EXO, 16,4, 10 W in 

RPOQ,1, 361, 1000, 900 EIT 
RPO, 361, L, 1000, ANN 
EN 


CM 16 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SEN 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.09, TAU=0.89, 
CM GAIN=6.9 er, DIPOLE LENGTH TO DIAMETER £RATIO=87, 
CE BOOM IMPEDANCE=65 OHMS. FREQUENCY=800 MHz. 237 SEGMENTS. 


CW, 21,408 
GW2, 2 187.02 
GW3,21,0. 
GW4, 2170. 
GWS , 217008 
ene 13707 
CUL Us 
GwW8, 15,0 
GW9,13,0. 


0,0.3/5,0.0,0/0,-0 STN Ar 


55 UR 
259 JUN 
5627807 
35770. 
542704 
61772402 
684507 
144,0. 


334,0.0,0.135S FEE o, 
297,0.0,0.255, 0 2 SURTO ao, 


2645,0.0,0. 362050. 20000 OE. 
2355,0:0,0. 4977052 33053 ee, 
2095,0.0, 0.542 SU om QUER, 
1865, 0.070% Gi E US 


166,0.0,0 685 FEN 3, 


1475,0.006 ESN. 003, 


GW10,31,0.79970.13157;0 099 50 EE, 
GW11,11,0.8Éé4,0.117,0. 00 Ta E 
GW12,11,0.886,02104, 070700 AO US 
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sm 11,0.928 00000625 0.0,0.929,-0.0925,0.0,0.00317, 
GW14,11,0.956,0.0825,0.0,0.956,-0.0825,0.0,0.00317, 
GW15,11,0.986,0.0735,0.0,0.986,-0.0735,0.0,0.00317, 
ee. 11,1.012 000655,0.0,1.012,-0.0655,0.0,0.00317, 
GW17,1,-0.1,0.00018,0.0,-0.1,-0.00018,0.0,0.00001, 
GP 

GE0,0,0.0, 

MEO, 1,0,0, 800.0,0.0, 

EN, 1,1,1, 


er 1, 11,-650000000000.0,0.0,0.000001,0.0, 
mel, 2,11,-65.01000,0. 000001, 0. Gan 000001, 0.0, 
MWAN, `, 1li,-65.0 Ga 000001,0.0,0.000001,0.0, 
er, 11,-6500 00000.000001,0.0,0.000001,0.0, 
RR, 5,11,-657000070707000001,0.0,0.000001,0.0, 
Meet l,6, /,-65.0,0.0,0,000001, 0. S 0. 000001, a. OF 
fo, 7, /,-65.0,0.0,0. 000001, 0.0,0.000001, 0.0, 
IS |, 65.0,0900000000001,0.0,0.000001,0.0, 
e 7, 659 0 UCOOOT, 0.0,05000001,0.0, 
er, 7,65. 0000 000000001,0.0,0.000001,0.0, 
RN 11,6, 65.07070,707000001,0.0,0.000001,0.0, 
nie io, 12, 6, 65.0,070,07000001,0.0,0.000001,0.0, 
EN: 75,6, 65.020050, 059590090150. 0, 0-000001,0.0, 
meer o, 14,6,-65.0,0.0, 0.000001, 0.0,0.000001,0.0, 
aero, Lo, 6, -65.0, 02070. 000001,0.0,0.000001,0.0, 
MWEN 16, 6,-05.0,0,0,0. 000001,0.0,0.000001, 0.0, 
Meee oO, 6,10,1.0,0.0, 

1 Ol, 1000,90.0,0.0,0.0,1.0,0.0,0.0, 
feo, 1,1000,0.0,0.0,1.0,0.0,0.0,0.0, 


EN 


EMO ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.06, TAU=0.884, 
CM GAIN=6.3 dB, DIPOLE LENGTH TO DIAMETER RATIO=100, 
CE BOOM IMPEDANCE=81 OHMS. FREQUENCY=100 MHz. 115 SEGMENTS. 
mne 070,0. 75, 07070.0,-0.75,0.0,0.00714, 

0. 138,0.663,0.0,018,-0.663,0.0,0.00714, 

EN 0. 339,0.586,0.0,0.339,-0.586,0.0,0.00714, 

m0 0-479,0.518,0.0,0.479, -0.518,0.0,0.00714, 

m1 0.605,0.458,0.0,0.605,-0.458,0.0,0.00714, 

E 0./13,0.405,0.0,0.713,-0,405,0.0,0.00635, 

2E 0.81,0.358,0:0,0.81,-0.358,0.0,0.00635, 

END So6 W (65,0. 0,0. 836,-0. 5S165,0.0,0.00635, 

EE POU. S72,0.2755,0.0,0.972,-0.2795,0.0,0.00635, 


MWE 1.05S5,0.2475,0.0,1.059,-0.2475,0.0,0.00635, 
ENS 1.095,0-2185, 020, 1.059,—072185,0.0,0.00397, 
eee 1.1: 1 To. OU a. T5, 0.192 0.0.0 00397, 
E A, 0 9b, — 0587170.0,0.00397, 
A LAS OZ 3 MP 0, tol, O20, 0.00397, 

1 


ee NESEN Z 73, 0 1535, Ue 0.00397, 
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GW16,3,1 305021 18000105 05 000 F 
GW1 7, 3,1.333, 01048 100000 ENN O COMES 
GW18, 3,1. 358, 0.092 ,000,1. 358 MINERO, 0: 002508 
GW19, 3,1.38,0.0815,000, 1 38 JE 009002 5 
GW20,3,1.399,0.0925, 070; 1-5 9, NUI 00770 UNA e 
GWZ1,1,-0.1,0. 001570. 01, ES OTO CO 

GP 


GEU 0, 0.0, 

PEST 1,1,1; 

FRO, 1,0,0,100 2020202 

TL21,1,1,8,-81.0,040, 100000070 OOOO 
1L c CON 0-0. OT 0.0,0.000001, 0.0, 
TL2,8,3,8,-01:0, 0: 0 006000 O Gn 
TL3,8,4,4,-8310, 0 MENN O 
TL4,4,5,4,-81.0,0.-0 0 OA Ar 
TL5S,4,6,3,-81.0, 0.0, 000000007 Ca E 
TL6,3,7,3,7-31.. 1, 0.0, FN INUN 
TL7,3,8,3,-81.0,0.0,0, 0000050 O 
TL8,3,9,3,-81.0,0.0,0.000001,0.0,0.000001,0.0, 
TL9,3,10,3,-81.0, 040, 00000000 r 
TL10,3,11,/2,381 - 0:05 0 OO O OON O 
TL11,2,12,2,—-81 . 00010 20 ISOON A EE 
TL12,2,13,2,-81.0, 000, 0700000070 0 Cao 
TL13,2,14,2,-81.0,0. 0,0 OU NN 
TLl14,2,15,2,=81.0,0.0, 0000000" A O 
TLl15,2,16,2,-81.0,0.0,0. 000007 00070 as Xr 
TLl6,2,17,2,-81.0,0.0,0. 00000 KENE 
TL17,2,18,2,-81.0,0.0,0.000001,0.0,0.000001,0.0, 
TL18,2,19,2,-8B1.0,0.0,0. 000001070 OR n OU 
TL19 2,20,2 20 00 FT NN 


LAO A AO O O 

REO; 1, 361,1000, 90 NOR NE 
REO, 361,1,1000,0.0, Ome, 1.0,05070-0, 

EN 


CM 20 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.06, TAU=0.884, 
CM GAIN=6.3 dB, DIPOLE LENGTH TO DIAMETER RATIO=100, 
CE BOOM IMPEDANCE=81 OHMS. FREQUENCY=200 MHz. 151 SEGMENTS. 
GW1,15,0.070. 1/570. 0, 0207 NE 
GW2,15,0.18,0.6638,0.1,0 FR NOE 
GW3,15,0.339,0.386,0.0,0. PP DADA 
GW4,15,0.479,0.518,0.0, 07 20D Ooo, Gn 
GW5,15,0.605,0.458,0.0; 0M OG NNN N 
GW6,9,0.713,0,405,0.0, 0.005 CREDO ANE ` 
6wW7,9,0.81,07858,0.0, 0 5800 e oo Duna, 

GW8,9,0.696, 0.3165,0,0, 00 CP OR NSS PUI O 
GW9,9,0.972,;,08279570 07 051 >. O 
GW10,9,1.039082475, 0. 0,150 NEUE IO OPEN 
GW11,3,1.09987072T185,0.0 URSS OR Clee 
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1.1959 Lo, 0 39500, 0.00397, 
1.190 0 0 AME uM 196,9 510171,0.0,0.00397, 
LI 237, T 0.0,0.00397, 
12.7 5 126, 081559,0.0,0.00397, 
00710 3050880090 17 3065 -03011870.0,0.00238, 
ferme 3, 1 . 3335, Oe. 0, 12333, -0.1045,0.0,0.00238, 
RR 1. 3530 G0, 1 358,-07092,0.0,0.00238, 
fee >, |. 38, 0. OS ieee 0,7 1. 38,-0.0815,0.0, 0.00238, 
EE 1.39940 93092880501 399,202072,0720,0.00238, 
MEN, 0.170 0007 0. 14 -0.00075,0.0,0.0001, 
GP 


ED, 0,0.0, 

EST 1,1,1, 

FR0,1,0,0,200.0,0.0, 

821. 1,1,8,-81.0,0.0,1000000.0,0.0,0.000001,0.0, 
TL1,8,2,8,-81.0,0.0,0.000001,0.0,0.000001,0.0, 
mee, 3, 8,-81.0,0.0,0.000001, 0.0,0.000001, 0.0, 
me 6, 4,8,-81.0,0.0,0.000001,0.0,0.000001, 0.0, 
mete, 5,8,-81.0,0.0,0.000001, 0.0,0.000001, 0.0, 
88558. 6,5,-81.0,0.0,0.000001,0.0,0.000001,0.0, 
NES 7,5,-81.0,0.0,0.000001,0.0,0.000001,0.0, 
R5. 8,5,—81.0,0.0,0.000001,0.0,0.000001,0.0, 
NK 9,5,-831.0,0.0,0.000001,0.0,0.000001,0.0, 
Meo 5,10,5,-81.0,0.0,0.000001, 0.0,0.000001, 0.0, 
rao, 5,11,2,-81.0,0.0,0.000001,0.0,0.000001, 0.0, 
mma 2, 12,2,-81.0,0.0,0.000001, 0.0,0.000001,0.0, 
Mme, 2, 13,2,-81.0, 0.0, 0.000001, 0.0,0.000001,0.0, 
Mee 2,14,2,-81.0,0.0,0.000001, 0.0,0.000001, 0.0, 
mea 2,15,2,-81.0,0.0,0.000001,0.0,0.000001, 0.0, 
mes 2,16,2,-81.0,0.0,0.000001,0.0,0.000001, 0.0, 
MAS. 2,17,2,-81.0,0.0,0.000001,0.0,0.000001, 0.0, 
EN 2,18,2,-81.0,0.0,0.000001,0.0,0.000001, 0.0, 
EN 19,2, —81-0.0-0,0.000001.0.0,0.000001,0.0, 
DSR 2 20,2,-81.0,0.0*0.000001,0.0,0.000001, 0.0, 
BO? 0,2,10,1.0,0.0, 


RPO, 1, 361,1000, 90. O Wo, 070.0, 0.0, 
MWE ci,1,1000,0.0,0.0,1.0,0.0,0.0, 
EN 


820 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.06, TAU=0. 884, 
CM GAIN=6.3 dB, DIPOLE LENGTH TO DIAMETER RATIO=100, 
CE BOOM IMPEDANCE=81 OHMS. FREQUENCY=300 MHz. 181 SEGMENTS. 
EE 05050275, 029050. 0, 389.75, 0.0,0.00714, 

EN 0 15,0.66370.0,0718,-0.6653,0.0,0.00714, 

ESO. 339,0 395806, 0.0,0.339, 0E586,0.0,0.00714, 

EN 0.479,0.518,0.0,0.479,—0.518,0.0,0.00714, 

HEN 0 605, 0.458 080 0760537 07458,0.0,0.00714, 

MENEN 0:7153,0:405, 000700718, -0.405,0.0,0.00635, 

feet), 0.81,0.355, 0. Ome. Ga, -O6356,0.0,0.00685, 
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GWw8,11,0.896,0.3165,0.0, 0606 AMOO. 0 UMSS 
GW9,11,0.972,02:2095,0.0,0. SEN NO OT 
GW10,11,1.039,022475,0.0, 108 NS NAN 
GW11,5,1.098,0.218570.0, 1- 02 TE ON 
GWl12,9,1.15,0.195,0.0, 1.15, 0 ON, 
GW13,5,1.196,0.17],0.0, 121356 Saw OE 
GW14,5,1.237,0.151,0.0, 1:2 IA 
GW15,5,1.273,0:1335,0.0, IAE SS DO OEA 
GW16,5,1.305,0,118,0.0, 1050587 O OA 
GW17/,5,1.333,0.1045,0.0, 10585 AS UI 
GW18,5,1.358,0.0927 070,15 5 O aa a 
GW19,5,1.38,0.0815,0.0, 10 PENN eo 
GW20,5,1.399,0.072,0.0, 1.399 Ze NE M 
GW21,1,-0.1,0:.0005,0.07 30 Re VA n 

GP 
GEO, 


USO 
E ale 
ERO,1,0,0,300 9 m ETE 
TL21,1,1,8,-81.0, 070, 100000007 CPR a, 
TL1,8,2,8,-81. 0707072020000119 0.0,0.000001,0.0, 
TL2,8,3,8,-281.0,0.0, 0 00000017 0a ea 
TL3,8,4,8,-81.0,0.0, 000000017 0a 
TL4,8,5,8,-81.0,0.0, 0000000 Oo a 
TL5,8;6,6,-81.0,0507 000 OON UNO a er 
TL6,6,7,6,-812 0.0 070 0000 Om OUTRE 
TL7,6,8,6,-81.0,0-0700 00000 ROIKKUU NIIIN 
TL8,6,9,6,-81.0,0. 0,508 00000 TD OM GOO tor 
TL9, 6,10, 6,-81.0, 00000. 0000 ON EE 
TL10,6,11,3,3581.070707 0200000201207240 O 
TL11,3,12,3,381 7070705 0200000177702020 Sopra (UNI 
TL12,3,13,3,781 00000 0 T000UOIT OROT O R O O 
TL13, 3,14, 3, ee. 0 00 SN 
TL14,3,15,3,-84. 0007 070" OW Ono O IA or 
TL15,3,16,3, 91 ØST JET 
TL16,3,17,3,-781.0,0:0,0.000001, 0 e 
TL17,3,18,3,-81.0,0.0,0. 00000 FET 
TL18,3,19,3,-81.0,0.0,0. 0000017007 Cm 7229 
TL19,3,20,53,-81.0,0500, 0,0000070 MOTO OCR P 


EX0/ 2073, 1071272727070297 

RP0,1,361,1000, 90000000 - RE 
RPO, 361, 111000, 0 90905 1-220 OEF 

EN 


CM 20 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.06, TAU=0.884, 
CM GAIN=6.3 dB, DIPOLE LENGTH TO DIAMETER  RATIO-100, 
CE BOOM IMPEDANCE=81 OHMS. FREOUENCY=400 MHz. 237 SEGMENTS. 
GW1,21,0.0,0:75,0.0,0:0, 0 o 
GW2,21,0.18,02663,0.0,0. 1 AA TENNE 
GW3,21,0.339,02586,0.0,0 SSE TEN ANT 


66 


GW4,21,0.479,0.518,0.0,0.479,-0.518,0.0,0.00714, 
GW5,21,0.603,0.458,0.0,0.603,-0.458,0.0,0.00714, 
EWG,11,0.713,0.405,0.0,0.713,-0.405,0.0,0.00635, 
GW7,11,0.81,0.358,0.0,0.81,-0.358,0.0,0.00635, 
GW8,11,0.896,0.3165,0.0,0.896,-0.3165,0.0,0.00635, 
GWO, 11,0.972,0.2795,0.0,0.972,-0.2795,0.0,0.00635, 
8910,11,1.039,0.2475,0.0,1.039,-0.2415,0.0,0.00635, 
89 , 13,1.098,0.2185,0.0,1.089,-0.2185,0.0,0.00397, 
EW2,13,1.15,0.193,0.0,1.15,-0.193,0.0,0.00397, 
6103, 13,1.196,0.171,0.0,1.196,-0.171,0.0,0.00397, 
MERKIN, 1.237,0. 1518080 1.237, <0.151,0.0,0.00397, 
GW15,7,1.273,0.1335,0.0,1.273,-0.1335,0.0,0.00397, 
eric, 7,1.305,0.118,0.0,1.305,-0.118,0.0, 0.00238, 
GNT", 7,1.333,0.1045,0.0,1.333,-0.1045, 0.0, 0.00238, 
GWAS, 7,1.358,0.092,0.0,1.358,-0.092,0.0,0.00238, 
Oo, 7,1.38,0.0815,0.0,1.38,-0.0815,0.0,0.00238, 
390. 7,1.399,0.072,0.0,1.399,-0.072,0.0,0.00238, 
GW21,1,-0.1,0.00037,0.0,-0.1,-0.00037,0.0,0.0001, 
GP 

amo, 0,0.0, 

ES 1,1,1, 


re, 0,0, 400.0,0.0, 

EEUU  112-91-0,0-0, 1000000. 0,0.0,0.000001,0.0, 
ENS ,7,11,-81.0,0.0,0.000001,0.0, 0. DUODOT, 0. OF 
fee, 5, 11,-81.0,0.0,0. 000001, 0.0,0.000001,0.0, 
EE. 3,11,—-81.0,0-0,0.000001,0.0,0.000001,0.0, 
ES 5,11,-81.0,/0.0,0.000001,0.0,0.000001,0.0, 
MEE: 560; 9905 959510 .—000001:02070-000001,0.0, 
M 0, -60100,07070.000001,0:0,0:.000001,0.0, 
e i, 811007 0890705 0000017 0-070-000001,0..0, 
er, 6,-81.0,0.0000000001,0.0,0.000001,0.0, 
See, 10,6,-81.0,0.0.0.000001,0.0,0.000001,0.0, 
mero, 11,6,-81.0,0.0,0.000001,0.0,0.000001,0.0, 
meee, 12, 6,-81.0, 070, 0. 000001, 0.0,70.000001,0.0, 
Seen, 13,6,-81.0,0.0 40. 000001, 0.0, 0.000001,0.0, 
jeer o, 14,4,81.0,0.0,0.000001,0.0,0.000001,0.0, 
eee, 15,4,-81.070-0, 0. 000001, 0-0,0.000001,0.0, 
ert, 16,4,-81.0,0.0,0.000001,0.0,0°000001,0.0, 
EE 17,4, 81707070, 0500000 10. 0,0000001,0.0, 
mme 18,4,-81.0,0.-0,0.000001,0.0,0.000001,0.0, 
MWE", 193,4,-51.0,0.0,0.000001,0.0,0.000001,0.0, 
mme 20,4,-81.0,0.0,0.000001,0-0,0.000001,0.0, 
EN ZO,4,10,1.0,0.0 


í í í í í , 


E, 361,1000,90.0,0.0,0.0,1.0,0.0,0.0, 
m5! ,1,1000,0.05,0.0,1.0,0.0,0.0, 
EN 


CM 20 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.06, TAU=0.884, 
CM GAIN=6.3 dB, DIPOLE LENGTH TO DIAMETER RATIO=100, 
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CE BOOM IMPEDANCE=81 OHMS. 
EW 1,257 08 
EW22 0 UN 
GWS 1257 U" 
GW4,25,0. 
GWo, Zo, 0: 
ec 5, 0s 
Gwe E 
EE 5 07 
Emo, O: 


FREQUENCY=500 MHz. 
0,0.7570.0,0.0,-0.750MUNU 0714, 
18,0.663,0.0,0.18, 0m ERRO O0. 0071; 
339,0.586,0.0, 0.33977 EIO. 00.00714; 
419,0.518,0.0,0. 409 EO 0 080057 147 
603,0.458,0.0,0 00 S MEE O, Oo, 
713,0.405,0.0,0 00, 0 006565 
81,0.358,0.0,0. 81, USE 0 005558 
896,0.3165,0. 0 055 OS 0 OE 
972,0.2795,0.0 7 0 m EE ER 5, 


311 SEGMENTS. 


GW10,15,1.039, 02475, 0 ME NENNE 
.098,0.2185,0. TG 1657020720 ORE 
.15,0.193,0. 1, 1.16, VEE 0210, D 008277 
.196,0.171,0.0, 1. 196, EE 
.237,045151,0.0,; 1223 0m 5 17. 0 0 n we 
.ZIZ,0.1335,0.0, 820 at 55595, 0 DØR 
.305,0.118,0.0, 105 Ee EIER 
.333,0.1045,0.0/ PSN 
.358,0.092, 0.0 "ES DENEN e S; 
.38,0.0815, 0.0001 398 PNAN, 
.399,0.072,0. 05 SIT TE 
.1,0.0003,0. 0,01 EES 


i007 0 
PT-1,1,1,1, 


BRO, 1,0), 0, 50000 UR 

TL21, 1, 1, jn -81.07 0-0, 19000000 ENNO 
(E ER 2,13,781.0, 00070. HNO E 0. 0, 0. 000001, 0. a 
TL2,13,3,13, 281107050 000001,0.0,0.000001,0.0, 
TL3,13,4,13,=8120,/ 02 0,020 C000 1 oo ao, 
TL4,13,5,13, 81.070 07000090 0/0) 0/0] 70 ree ee eee, 
TL5,13, 6,8, E EES 0. OF 0. 000001, 0. ER 
LOS 1, 8, cu O, 0. 07000000 e 0. 0, 0. 000001, 0. 0s 
BL /,8,8,08, ero on en 000001,0.0,0.000001,0.0, 
TL8,8,9,8, -81.0,0:0,0. 00000070 ooo ra ONE 
TL9,8,10,8,-81.0, 070070. 000001770 ao ORO NNUT 
TL10,8,11,6,=-81.0,070, 0. 0000017070 IO 
TL11,6,12,6,-81.0,070,0-0000017F0 007 Ooo 
TL12,6,13,6,-781-07000, 000000010 P TIN OS 
TL13,0,14,6,—-81.07;0:0, 000009 1 Ole OG DO 
TL14,6,15,06,-781.0,0 205 0: OUI DNE O 
7L153,6,16,6,-81.0,0.0, 0 00000 O 
TL16,6,17,6,-81.0,0.0,0. 00000000” O oa 
TL17,6,18,6,—-81.0,0.0, 0. 00000] PNE KNN 
TL18,6,1956,-81.0,0.0,0. 00009] O 00009 12D E 
TL19,6,20,6,-81.07070, 0 COI ET, 


EXO, 207 6107 Ooo, 
RP0,1,361,1000,90.0,0.0,0.0,1.0,0.0,0.0, 
RPO, 361,1,1000, 0.0, O20, 1 49 0 TE 

EN 


68 


CM 20 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.06, TAU=0.884, 
CM GAIN=6.3 dB, PROCE —DBÉENGBHESSTO DIAMETER RATIO=100, 
CE BOOM IMPEDANCE=81 OHMS. FREQUENCY=600 MHz. 371 SEGMENTS. 
SS LAO 0, 01757 0888507 0, — 0. 75,070705 00714, 

0: 15 / 06658070, 08 =0:/663/0:0,0.00714, 

IS EE Elle 399, —0- 5869890, 0.00714, 

NEM 0:479, 0 i 050007 0. 449, —0.5185»90.0,0.00714, 

EE 1,0.603,0.-458290-0,0.6053,-0.458,0.07 0.00714, 

E 0. 715, 084090999050. 715357 —0.4905,0.0,0. 00035, 

0.81, 00808 WA 0201,—0:2358,0.07 0.00635, 

E 0.596,0391655,020:20-896,—0.5165,0.0,0.000635, 
ROSES OM 52008902, 2092795, 0. 040. 00635, 
NL OS UA 0, 0659,-0.2475,0.0,0.00635, 

E US AAA 070,1.08970.2185,0.0,0.00397, 

RR Sl 15,0 155,00, 19, -08193,070,0:00397, 

ES LS 25005905927 196,20.171,0.0, 0.00397, 
SS MI 510021: 23715,—0.151,0.0,0. 00397, 

wey ONI, A OMI NN 2175 9= 010133510 307, 000397, 
lOO Oreo Oo 0:118,0:0,0.00238, 

L AA III 5 5, TU. ID45,0.0,0.:00238, 
EE OU E 
ae 008 15 08070700238, 

MI ASS ARO 12, 0030, 0. 002389, 

eee DO 23, 050,0: 0U0L, 


Belle, l1,1,1, 


ERO, l, ol 05 GOU, Won 

TL21, ik, L Ove 0, 0990909090-— 050-070. 000001, 0.0, 
Mil, l6, Ee le 000001, 0. OF 0. 000001, 0. o 
m5, 16,-8150,0.0,0.000001,0.0,0.000001, 0.0, 
1800 6, 4,16, -81.0,9.0,0.000001,0.0,0.000001,0.0, 
RR 5, 16, 8170,070,0.000001,070,0.000001,0.0, 
WE 16,6,9, “Bi. AT 000001,0.0,0.000001,0.0, 
MÈG, 3, /, 9, Sen? E CRU 00001, 070707 000001,0.0, 
eer, 9,501 a, 0-0, 0- 000001, 0.0,0-.000001,0.0, 
TL8, 9, 9,9, LOIN UN A000001, 0.0, 
mn 10,9,-81.0,0.0,0. 000001, Oe 0, DE 000001, Vi: 0, 
TL10,9,11,7,-81.0,0.0,0.000001, 0.0,0.000001, 0.0, 
seni 12,7,-51.p,0-00. 000001, 0290/0. 000001, 0.0, 
ENSE 153,7,-61.0,0.0,0.000001,0.0,0.000001,0.0, 
ee, 14,7,-81.0,0.0,0.000001,030,0.000001,0.0, 
MWE, /,15,/,-81.0,0.0,0,000001,0:0,0.0000601,0.0, 
ere, 16, 7,-81.0,0 0, 0.000001, 070,0.000001,0.0, 
fee, 17, 7,-01.0,0.%,0.00000T, Ome, 0.000001,0.0, 
er 7 lo, 1,561.0, 0,0. VOUOUT wee, 0.000001,0.0, 
INE 17019, 7, -81- 00995. OUIOOO WMO 0, 0. 000001,0.0, 
m ZO, 7, 01. 059050 ..9900090990 50. 0 000001, 0.0, 
ER 20,7,10,1.0, 0.9, 


, ! , 


! 


EB 561,1000,907970-70,0.0,1.0,0.0,070;, 
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RP 05361, 11000 ,1000, 09091..0, OT 
EN 


CM 20 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPESE 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.06, TAU=0.884, 
CM GAIN=6.3 dB, DIPOLE LENGTH TO DIAMETER  RATIO=100, 


CE BOOM IMPEDANCE=81 OHMS. 


FREQUENCY=700 MHz. 


351 SEGMENTER 


GW1,31,0.0,0.75,0.0,0.0, F0 SEE OE 
GW2,31,0.18,0.0663,0.,0, 0.1 ME 
GW3, 31,0.339,0.586,0.0, SSA OPT e 
GW4,31,0.479, 518 ,0-:0,0 ARENAEN eee 
GW5, 31,0.603,04458, 0.0060 NONNE 
GW6,17,0.713,0.405,0.0,;0 715 05 00 KSC 
GW7,17,0.81,07358,0.0,0 6 10 ND PD 
GW8,17,0.896,0.3165,0.0, 0.836, Jo ES Cn E 
GW9,17,0.972,072795,0.0, 00072 POR T E ee 
GWw10,17,1.03970., 2473, 0.071.089 NE 
GW11,11,1.098,0-2185, 01, 10 0 rs nom E 
GW12,11,1.15,0.193,0,0, 115 ES REES N 
GWI13,11,1.196,0.171,0.0, 10196 SØN AN NN 
GW14,11,1.259%,0.151,0.07 12257 20210 1 U O NE 
GW15,11,1.293,0.1555; 00715273 n 0211 55 n 
GW16,11,1.305,0.118,0.07 1728057001 Some eni 
GW17,11,1.333,0.12045, 0 20105 55 a URI UA TE IN tee 
GW18,11,1.358,0/092,0.0,1 008, 200027 e W 
GW19,11,1.38,0.0815,0 078 Se, O 08175 0 > 
Gw20,11,1.399,0.072, 0.0, 108009 Uno mn 
GW21,1,-0.1,0.00021,0.0, 000 0700021" ma 
GP 

CHOIN ON 

Piede; 

FRO, 1, 0, 0, 700. OO 

TL21, P 1, o -81.0,0.0 A 00000050 EN UD 
TAN, 16,2, 16 A 0 OUI T 0. 0, 0. 000001, 0. DI 
TL2,16,3,16,-81:0,0.0, 0000000170 IE 0, 
TL3,16,4,16,-81.0, 0.07 OU NNN NT FT UU 
TL4,16,5,16, 81.0, 0500 00 OON O DO 
TLS 16:76 7327 Æ 0, 0.0,0. 000000 0. OF 0. 000001, 0. 0, 

TE 67427 7, 9, = Sa 0702042407 000001,0.0,0.000001,0.0, 
TL7,9,8,9,- 81.0, 0.0 UL DOI FE 
TL8,9,9,9,-81.0, 02:00 OMIC DARAN AA 
TE ET 10, 9, -81.0,0,0, 0. 000001, CPO Tre, 
TL10, 9, iL, 6, =81.0,0.0,0: 0/00/0016 NE, 
TL11,6,12,6,-81.0,0.0,0.000001,0.0,0.000001,0.0, 
TL12,6,13,6,-:8L.01/0.0,0 0000 O, 
TL13,6, 14, 6,-81:0,0.0, 0. 0000 FT NN, 
TL14,6,15,6,381.0,0..0%70. OOO OF 0, 
TL15, 6,16, 6/P81. 09090050. 00000 AE JUR, 
TL16,6,17,6,-81-0,0.0,0 e 0 
TL17,6,18,6,*81.0,000. O00 VE 
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u 6,19 0 cd m wp 0.0000010207-0.000001,0.0, 
un 60,20, 6 909 00... 000001299020. 000001,0.0, 
m 70,6,10,1 099. 

Emm, 561, LOCO 950, 0.0,1.0,:990, 0.0, 

Sol, 1, LO POSADA, 1.0,0.0, 005 

EN 


MW ZO ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.06, TAU=0.884, 
CM GAIN=6.3 dB, DIPOLE LENGTH TO DIAMETER  RATIO=100, 
CE BOOM IMPEDANCE=81 OHMS. FREQUENCY=800 MHz. 441 SEGMENTS. 
me 0, 0.75, 07070.0,-0.75,0.0,0.00714, 

RREO 18,0,6687070,0.18,=0.665,0.0,0.00714, 

Meee). 339, 0.506, 0.070. 339,-0.586,0.0,0.00714, 

ME 0. 479,0.518,0.0,0.479,-0.518,0.0,0.00714, 

ME 0.603,0.458,0.0,0.0603,-0.458,0.0,0.00714, 

e 715,0.405,0. 0/0. 715,-0.405,0.0,0.00635, 

RR, 0.61,0,3558,0.7,0061,-0.355,0.0,0.006535, 

RR 0. 5896,073816572070700896,-0.3165,0.0,0.00635, 

EE 0 97251072795, 89 .10080..977,—0.2795,0.0,0.006535, 

MN, 1.052. 0. 247570 6, 1-0539,-0, 2475,0.0,0.00635, 

emia OOS 0'S 9, =07=2185,0.0,0.00397, 

me 1. lal 193,0.071.15,-0.193,0.0,0.00397, 

ENSE 1.199010. 172505051. 196,—0.171,0.0,0.00397, 

MEN l 2 Mn ro 0,1. 257,-0.151,0.0,0.00397, 

Ee eeler 27: -0.1355,0.0,0.00397, 

MWAN l OS 113, 0.0,1.505,-0.118,0.0,0.00238, 

28M, 1.555,0.1045,0.0,1.333,-0.1045,0.0,0.00238, 

EE 1.359,0.092,0.0,1.358,-0.092,0.0,0.00238, 

EE 1.55,0-0815,0.0,1.38,-0.0815,0.0,0.00238, 

EE 1.599 .0-07220 0, 15399,-0.:072,0.0,0.00238, 

E —0.21,0.00018,0-0,—0.1,-0.00018,0.0,0.0001, 


E 1,1,1, 


m ,0,0,800.0,0.0, 

TL21, ð n 20, PUDE OI Oo 50:2000001..0.0, 
mer) 20,2,20,-81.0,0.0,0. Wwwwu 0.0,0.000001, 0.0, 
meee, 3,20,-81.0,0.0,0. 000001,0.0,0.000001, 0.0, 
mene) , 4, 20,-81.0,0-0,0.000001,0.0,0.000001,0.0, 
meee), >, 20,781.0,0.0,0.000001,0.0,0.000001,0.0, 
Em 0,6,12,-81.0,0.0,0.000001,0.0,0.000001,0.0, 
m /,12,-81.0,0.0,0.000001,0.0,0.000001,0.0, 
RR 2,6,129,-81.0,0.0,0. 000001, JOE JEG GE 
TZ, 9,12,-81.0,0.0,0.000001, 0. 0, 0. 000001, 0. $7 
Mme 2, 10,12,-61.0,0.0,0. 000001, 0. 0,0.000001,0. 0, 
EE 12011,76,-81:0,20.0,0. 000001, 0. 0,0.000001,0.0, 
ENS 12,7,—-81-0,0.0,0. 000001,0.0,0.000001,0.0, 
EE 05, 7,551,090; 0-0,0.000001,0.0,0.000001,0.0, 
Me 4, /,-31.0,0.0,0.000001,0.0,0.000001,0.0, 


71 


TL14,7,15,7,28150105050 - 000000 000001, 0107 
TL15,7,16,7,-—91 2009505 0- 00 ODORE D OU OUE 
TL16,7,17,7,—01205,0-0, 0-000 CARO 
TL17, 7,18, 7,-81.0, 0.0, 0. UG UC Ghee OO n 
TL18,7,19,7,-81.0,0:0,0. 0000 STO ooo AO 
TL19,7,20,7,281.-0, 020, 0 O00) UNE COCO TR 


EX0,20,7,10,1.0,0.0, 
RPO, 1, 361, 1000) RON NE 2 0: 
RP0,361,1,1000,0.0,0.0,1.0,0.0,0.0, 

EN 


CM 10 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.08, TAU=0.87, 
CM GAIN=6.0 dB, DIPOLE LENGTH TO DIAMETER RATIO=150, 
CE BOOM IMPEDANCE=70 OHMS. FREQUENCY=60 MHz. 91 SEGMENTS. 
GW1,11,0.0,1.2520.0, 0-07 = lez ee 
GW2,11,0.4,1:.08757,0- 0, 0.4) av Sy See oe 
GW3,11,0.748,0. 946,0.0, 0774570222672070, 029088157 
GW4,11,1.051,0.823,0.0, 17051) —G 25 0 UNNA N 
GW5,11,1.31470.716,0.0, 13314, -Oe EO O S tee 

GWo, 7,1.544,0.623,0.0,1.544, —0 3623, ao NOE 

GW], 7,1.744,0.542,0.0,1. 1/44) -04 5472 7028070720062477 
GW8,7,1.917,0.4713570.0, 1031, ORANDI 
GW9,7,2.069,0.4105,0.0,2.060, -0m OS o ou, 
CW10,7,2.201707557,0.0,270205, ESTERA Le 
6W11,1,-0.139 740-0025, 0 00515 IA PAUNO Nu; 


CEU, 0,0 105 

EH T 2 

ERO,1,0,0,009 . oF 

FEI, Lei Dain E EUREN KEE 
TL1,6,2,6,> 1050 02050. OOOO NE 
TL2,6,3,6,—70.0,0-0, 0 109090: EEN 
TL3,6,4,06,-70-0, 0-0, 0 UIT O TOTO rar 
TL4,6,5,6,-70:0, 050, 0-00000 000 (NT 
TL5,6,6,4,-20.0, 040, 0: 000007007 00 tao 
TL6,4,7,4,-70.0, 040, 0.000001 RES ES ER 
TL7,4,8,4,-70.0,040, 0. 000001, Oro Rn oo. (UN 
TL8,4,9,4,-70.0,0:0, 070000017 070 Oe 
PLS, A, LU EE E BE KREESSER 
EX0,10 NN 

RPO,1,3061,1000, 90:20, 020,5 0D ET 


RP0,361,1,1000,0.07070/ 1707020922002247 
EN 


CM 10 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.08, TAU=0.87, 
CM GAIN=6.0 dB, DIPOLE LENGTH TO DIAMETER RATIO=150, 
CE BOOM IMPEDANCE-7O OHMS. EREQUENCY-70"MiZ) Ill SEGMENTS 


E 


EN .15,0.0, 1.2992 NEN) —1.25, 090090159, 
E721175,0.4,1.05 2 49099 9-4,—1.0925 2090159, 

28 075,0.748, ONSE 00 749, —0897650.0,0.0159, 
sm, 1.051, ENN 051, 0582570. 0,0.0095, 
Mo, 1.3114 05M. 314, UNAS. 0,0.0095, 
BE 7 1.544, 0 2 50001 .544,-0062300.0,0.0095, 
er, 1.744,0 Ga 1. 744, -07542,0-0, 0.00635, 


RR 1.917,0. 4 0 rU. 917,-—0 N57 OR 0,0. 00635, 
EM 2.069,07410570070,2.069,-004105,0.0,0.00635, 


EHE 7.201,05 359402. 201,09 3957420.0, 0.00635; 


me -0.15,0.00210000,-0-015,-000021,0.0, 0.0001, 


GP 

EO, 0,0.0, 

Mt, 1,1,1, 

EE 1,0,0,70.0,0.0, 

ge 1,1,8,-70.0,070,1000000.0,0.0,0.000001,0.0, 
EE 5,2,8,-70.0,0.0,0.000001, 0.0,0.000001,0.0, 
uu Oo, ©, —-70.0,0.0,0.000001,0.0,0.000001, 0.0, 
mun 4,5,-70.0,0,.0,0.000001,0.0,0.000001,0.0, 
mer, 0,-70.0,0.1010.000001,0.0,0.000001,0.0, 
ieee, ©, 4,-70.0,0.0,0.000001,0.0,0.000001,0.0, 
meer, 4,-/0,0,0,0,0.0000071,0.0,0.000001,0.0, 
ime, 6, 4,—-10.0,0.0,0.000001,0.0,0.000001,0.0, 
un 9,4,—70.0,0.0,0.000001,0.0,0.000001,0.0, 
eee Oo, 4,—-7050, 020, 02000001 ,020,0.000001,0.0, 
mare 0, 4,10,1.0,0.0, 

E 56061,1000, 90.0,0.070.0,1.05:0. 0,0. 0, 

RE, 261, 1, 10001, DOOU eo UO MUZIO, CRO: 


EN 


CM 10 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 


CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.08, 


CM GAIN=6.0 dB, DIPOLE LENGTH. TO SDTAMETER 


TAU=0.87, 
RATIO=150, 


CE BOOM IMPEDANCE=70 OHMS. FREQUENCY=80 MHz. 131 SEGMENTS. 


SEEN 0.091.25.0:02950,—1.25,90€ 0, 0. 059, 
E. 0-4,1.0875,0-0,0.4,-1.0875,0.0159, 
8x7. 0.748,0$946,0.0,0.748,-0.946,0.0,0.0159, 
EST 1:051,07823,070,1.051,-07823,0.0,0.0095, 
EE 1.514,0- 783 6:070481.312,—0- 726,0.0,0.0095, 
fuer). 044,0.6023, 0.072. 544, -0:.623,0.0,0.0095, 
Meee, 1.744,0.542,0.0,1.744,-0.542,0.0,0.00635, 


RR 1), 0. 4715,0.0, 1. 917,-0.4715,0.0,0.00635, 
MWEN 069 ,0.4105,0.-0,2.069,-0.4105,0.0,0£ 00635, 


EN 2. 201,0.357,0.0,2.201,-0.357,0.0,0.00635, 


8 -0.15,0.0018,0.0,-0.15,-0.0018,0.0,0.0001, 


GP 
SEO, 0, 
EN—I,1 
BRO, 1 
ELI, 


De 


Ho 
a 
o 
(OT 
i 
~J 
a 


MOP 0, OO ONO T,0.0, 


18 


TL1,9,2,9,-70.0,0.0,/0.000001 CRER, 007 
TL2,9,3,9,-70.0,0.0,07 00000 17 DR, 00 
TL3, 9,4, 9,-10.0/000,0 - 00000 ROTE 
TL4,9,5,9,-/70.0, 0250, 0.00000 yo Or, 
TL5,93,6,5,-/0.0,0.0,0. GO FI 
TL6,5, 1,5,-70.070707 0. 00000 n, 
TL7,5,8,5,-70.0,0.0, 0. 00000 a, 
TL8,5, 9,5, 10000000, (000 DO AO 
TL9,5,10,5,-/000,0.04, (00000000 10D 


EXO0,90,5,10 M SU 
RPO, 1, 361, TOUA MO 
RES GK 
EN 


, 0. OO 0 0, 
On Tu 0. OF 0. a 0. 0, 


CM 10 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.08, TAU=0.87, 
CM GAIN=6.0 dB, DIPOLE LENGTH TO DIAMETER RATIO MAN 
CE BOOM IMPEDANCE=70 OHMS. FREQUENCY=90 MHz. 141 SEGMENTS. 
GW1,17,0.0,1.2550. 07 0307 = 12 S ON oe 
GW2,17,0.4,1.0875, 020,70 47-1) Wooo 
GW3,17,0.748,0.946,0.0,0. 490 STN BR 7 


GW4,17,1.051,0.8253, 00120517 MER 
GW5,17/,1.314, 0416000000 OSS EU UUPUU 
GW6,11,1.544,0 6253 10010524 0 S AUS POUS 


GW7,11,1.744,0.542,0:0,1. 744, —0 54225 Q0 TONNEN >" 
GW8,11,1.917,0.4715,0 0715917 esM e 
GW9,11,2.069,0.4105, 02052 90690 7] UI 
GW10,11., 2.201,0.357,0:072. 2017 =0 5 0 Ue MINIS 
ENEE 1,=0.15,0.0016, 0.0, =O. 15; Ie OO UNUM NND 
GP 

E D OO 


27 il, a, i, 

FRO,1,0,0,90.0,0.0, 

TLI, 1,9,-70.070 on, 10000 0 OND YON 
TL1,9,2,9,-70.0,0.0,0.000001,0.0,0.000001,0.0, 
TL2,9,3,9,-70.0,0.0,0 0000 01 OD Caronia) 
TL3,9,4,9,-70,0,0.0,0. 000001 O 
TL4,9,5,9,-70.0,0.0,0.000001,0.0,0.000001,0.0, 
TL5,9,6,6,-70.0,0.0,0. 000001 O 
TL6,6,7,6,-70.0,0.0,0. 000000, ro ODERU, 
TL7,6,8,6,-70.0,0.0,0.000001,0.0,0.000001,0.0, 
TL8,6,9,6,-70.0,0.0,0.000001 0866" qe same) 
TL9,6,10,6, =WO YO, 0. 0, 0.000 01 Oc 000001,0.0 


EX0,10,6, 0 MEME Os, 

REM oa 1000, 90. O, 0. UU UA 
REO, col 1, 1000, 0.0, 0. 0,10 OO UA 
EN 
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CM 10 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.08, TAU=0.87, 
CM GAIN=6.0 dB, PESTE. LENGTH DIAMETER  RATIO=150, 
CE BOOM IMPEDANCE=70 OHMS. FREQUENCY=100 MHz. 141 SEGMENTS. 
RIR, 0.0, 1.25 0800, TP. 25, 0007070159, 

mei, 0.4, 1208 1S yume, 0.4,-1.0875,0.0159, 

mero 7, 0.746, 07946, 000,0./48,-02946,0.0,0.0159, 

RR, 1.051, 0782200 051, -08823,0-0,0.0095, 

ER 1.314,00 Mer Sá, -07006,0:0,0.0095, 

wee, 1.544, 0.625700, 1. 544, -02623,0.0,0.0095, 

emer l,1./44,0.542,050,1. 744, -0.542,0.0,0.00635, 

fore, |.91/,0. 47 vo. 917, -024715,0.0,0.00635, 

EE 2.069, 0. 41050080 2 1069, -004105,0.0,0.00635, 

erre, 2 2 017, 0555 1080828201 ,—03557, 01070200635, 

0 0, 0.0015 00807 SUKI 5, -0:001570.0;0"0001, 


H HHHOÖ 


,0,0.0, 
EE 1,1,1, 
MRD 1,0,0,100.0,0.0, 
N11. 1,1,9,-70.0,0.0,1000000.0,0.0,0.000001, 0.0, 
TL1,9,2,9,-70.0,0.0,0.000001,0.0,0.000001,0.0, 
mmo, 3,9,-70.0,0.0,0.000001,0.0,0.000001,0.0, 
MWE 994 9,-70.0,0.0,0.000001,0.0,0.000001,0.0, 
MMA, 5, 9,—-70.0,0.0,0.000001,0.0,0.000001,0.0, 
15. 9,6,6,-70.0,0.0,0.000001,0.0,0.000001,0.0, 
M6, 7,6,-70.0,0.0,0.000001,0.0,0.000001,0.0, 
TL7,6,8,6,-70.0,0.0,0.000001,0.0,0.000001,0.0, 
6, 9,6,-70.0,0.0,0.-000001,0.0,0.000001,0.0, 
6 10,6,-70.0,0.0,0.000001,0.0,0.000001,0.0 


TO, 06,10,1.0,0.0, 

AS 01, 1000-90.0,0.070.0,1.0,0.0,0.0, 
OL, 1, TOO 0.0, 007/10, 0.0,0.0,0.0, 
EN 


ERRO ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.08, TAU=0.87, 
CM GAIN=6.0 dB, DIPOLE LENGTH TO DIAMETER RATIO=150, 
CE BOOM IMPEDANCE=70 OHMS. FREQUENCY=110 MHz. 151 SEGMENTS. 
MWN, 50.0, 1.25.0.0,0.0,-1.25,0:0,0.0159, 
MANI, D.4,1.0875,0.0,0.4,-1.0875,0.01593, 


MENI, 0. /48,0:79346,0.0,0.748,-0.946,0.0,0.0159, 

meee, | .051,07823,0.0,1.051,-0.823,0.0,0.0095, 

ENS 1.314,0.716,0-0,1.514, -0.716,0.0,0.0095, 

ere, 1.544,0.623 0200, 1.544,-0.623,0.0,0.0095, 

mr 11 ,1.744,0.542,0.0,1.744,-0.542,0.0,0.00635, 
0 


RR, 1.017 0447/15, 00071,2917,-0047015,7070,0.006535, 
eri, 2.069,0.4105,0.0, 2.069, -0.4105,0.0,0.00635, 
er Oe Os oer Oe 2a 1, 0 530 0.070. 00030, 
ees, 0715, 020915080 DICT, 05:004 50:20, 0. 0001, 
GP 


108 


FRO, 1, 0, 0, 1 PORO ROE 

T O -70.050.0, 100000 MUT ORUM 0 0/0077 02105 
TL1,10,2,10,-70 000 9» 059 DTE 0. 0, 0. 000001, JN 0, 
TL2,10,3,105 ERR 000001,0.0,0.000001,0.0, 
TL3,10,4,10,= 20005: 0 20 DI OIDO 
TL4,10,5,10,;—-1000 10 UNO O OONA ORION OOT ONNEN 
TL5,10,6,0, 700 RO OR O 
TD6,6,7,6,- 104000 0,0. 000p UNS 090/0014 9 07 
TL7,6,8,6,- 70207000, 00000 A 00000) 020; 
TL8,6,9,6,—-70. 0,0 OO E 
ELO, 6, 10, 6 NE W 0. 07.00.0010 00 1 OU 00.0 OM NO IUN 


EX0, 10, 6, NO ET 

20/1861, 1000 00,0 q 全 
RP0;361, 171000; 0-00 AOU AA 
EN 


CM 10 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.08, TAU=0.87, 
CM GAIN=6.0 dB, DIPOLE LENGTH TO DIAMETER RATIO=150, 
CE BOOM IMPEDANCE=70 OHMS. FREOUENCY=120 MHz. 171 SEGMENTS. 
GWI,21,0.0,1.2500 ENN SA ou 
GW2,21,0.4,1.0875, 0.0074 OSS PIIN UMNO 
GW3,21,0.748,0.946,0.0 .148,-0.946,0.0,0.0159, 
Gw4,21,1.051,0.8238,000, 1.051, D'O dvd 
3WN5,21,1.314,0 OR .314, 20. 986p 0: 0 onon, 
GW6, 13,1.5447 07 62502 - 944, UNE O OO QUE 
GW, 13,1. 744 00542 000 . 744,70 5427000000008 DE 
GW3,13,1.9317,0.4715,0.0,1.9317,=0. 4715, NN 
GW9,13,2.069,0.4105,0.0,2.069,-0.4105,0.0,0.00635, 
GW10,13,24201,0.35/7,0.0,2 200-0185500 NUI UINTI TS 
GWLI1,1,=-0.0590.0012,0.0 0,5 SPAT 
GP 
(SIS OP 
pe RIR 
ERO. JES0. 0,179 00€ 
TES P. 1-711909 
TL1,11,2,11,-70.0 
0 
0 
0 


SS 


0 

0.0. T000000m P 0 OOO OOO OO 

0.070 00000 Oro, 
v 3.341 —7€.0,€ 
TL3,11,4,11,-70.0,0 
TL4, 115, 1L E NO 


0,0. 0000 VANN. 
.0,0, 000001 NE. 
.0, 0. 000001 TOMOT O. TOMO 0E 0. 0; 


TL5,11,6,7,=70707 0 0702700019 0. 0, 0. 000001, 0. 0, 
EG, 1 25 E. 070.070. 0000017 0. OG 0. 000001, 0. F 
TEL; Aor o. OOC UTO 000001,0.0,0.000001,0.0, 
TL8,7,9,7,-H000,0. 0,0700000 o Ro O, 
TEN 10, 7 =70.0,0. 0, 09000000. 
EXÚ, 10, tP 10, 18 0007 

REGA ae 1000, 90.0,0.-0, 0 0 UR O, 


76 


AS SL, 1, LOA, LO, O. 0080), 0.0", 
EN 


CM 10 ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.08, TAU=0.87, 
CM GAIN=6.0 dB, DIPOLE LENGTH TO DIAMETER  RATIO=150, 
CE BOOM IMPEDANCE=70 OHMS. FREQUENCY=130 MHz. 181 SEGMENTS. 


EE 70.0,1:25.099 9 05—1.25,0.0,0.0159, 

E25 ,0.4,1.087550:5050.4,-1.0875,0.0159, 
mee, 0. /48,0.946,0.0,0.748,-0.946,0.0,0.0159, 
EE 1051007025000 2 OOH, —-076023,0,0,0.0095, 
Peewee | S14, 0.7 Pom] 314,-0.716,0.0,0.0095, 
EE, 1.544,0.6253,0-0,1-544,—-0.693,0.0,0.0095, 
EM  1.744,0.542,0.0,1.744,—0.542,0.0,0.00635, 
MEN, 1.917,0.4715,0.6,1.9317,-0.4715,0.0,0.00635, 
mE 7.069,0.4105,070,2.069,-0.4105,0.0,0.00635, 


E5113, 2.201,0.357,0.0,2.201,-0.357,0.0,0.00635, 
GW11,1,-0.15,0.0011,0.0,-0.15,-0.0011,0.0,0.0001, 
GP 

GE0,0,0.0, 

ERST. 1,1,1, 


mE 0,0,130.0,0.0, 

EE 1,12,—-70.0,0.0,1000000.0,0.0,0.000001,0.0, 
m 2, 12,-7090,0.0, 000001, 0. 0, 0. 000001, 0. Sh 
me 7, 3,12,-7090,0.0, 0. 000001,0.0,0.000001,0.0, 
HEEL dp 12,—70.0,0.0,0.000001,0.0,0.000001, 0.0, 
H5 5,12,-70.0,0.0,0.000001,0.0,0.000002,0.0, 
EHE 6,7,—-70.0,0-0,0.000001,0.0,0.000001,0.0, 


Ma, 7, /,-70.0,0.0,0. 
wee, Oo, /,-70.0,0.0,0. 
ime, 9, /,-10.0,0.0,0. 
mm 10,7,-70.0,0.0, 
ES, 7,10,1.0,0.0, 

EE ool, 1000, 90.0,0.0,0.0,1.0,0.0,0.0, 
E 1,1000,0.0,0.0,1.0,0.0,0.0,0.0, 
EN 


SM 0920.0 0/00031]::0 0, 

IN 0000017997 0, 

OUCH VS 000900100; 
IE GOU. GOUGOT,0.0, 


GOMMI ELEMENT LOG-PERIODIC DIPOLE ANTENNA IN FREE SPACE. 
CM RECEIVING AND TRANSMITTING PATTERNS. SIGMA=0.08, TAU=0.87, 
CM GAIN=6.0 dB, DIPOLE LENGTH TO DIAMETER RATIO=150, 
CE BOOM IMPEDANCE=70 OHMS. FREQUENCY=140 MHz. 201 SEGMENTS. 


mr 0.0125 000010 -1.25,0:0,0.0159, 

EE"  0.4,1.0875,0.0,0.4,—-1.0875,0.0159, 

EE. ,0.748,0.946,0.0,0.748,—0.946,0.0,0.0159, 
NEED 1.051,0.8235050,1.051,-0:823,0. 0,0.0095, 
ENS 1.314,0.716,0.0,1.314,-0.716,0.0,0.0095, 
ELS 1.544,0.623,0.0,1.544,-0.6253, 0.0,0.0095, 
EN»; 1.744,0.5422,0001.744,=-0.542,0.0,0.00635, 
ES 15,1.917,0. 1715) ER 0, E Sté? SOE 4715, DO 00635; 


af 


GW9,15,2.069,U.41035,/0.0, 2.00 070,0. 006657 
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Figure 29. Azimuth Radiation Pattern (0=99'), £=200 MHz; 
200—000 Mz HERES i 
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Figure 30. Elevation Radiation Pattern (0=0º), f=200 MHz; 
MESSICO MHz LPDA. 
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Figure 31. Azimuth Radiation Pattern (0=90°), £=300 MHz; 
EES 
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Figure 32. Zlevation Radiation Pattern (0=0*), £=300 MHz; 
muU=5 00 MHz LPDA. 
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Figure 33. Azimuth Radiation Pattern (0=90°), £=400 MHz; 
200200 MAZA. 
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Figure 34. Elevation radiation Pattern (0=0º), f=400 MHz; 
[00800 MHz LPDA. 
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Figure 35. Azimuth Radiation Pattern (8=90°), £=500 MHZ; 
2087980099 tfz ERRA. 
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Figure 36. Elevation Radiation Pattern (0=0%), f=500 MHz; 
800 MHz LPDA. 
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Figure 37. Azimuth Radiation Pattern (0=90º), £=600 MHz; 
2089 00 Me LPDA. 
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Figure 38. Elevation Radiation Pattern (0=0º), £=600 MHz; 
200-800 MHz LPDA. 
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Figure 39. Azimuth Radiation Pattern (0=90º), f=700 MHz; 
ZION INE I. 
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Figure 40. Elevation Radiation Pattern (0=0°), f=700 MHz; 
MUU=800 MHz LPDA. 
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Figure 41. Azimuth Radiation Pattern (0=90º), f=800 MHz; 
20089500 MHZ Ena 
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Figure 42. Elevation Radiation Pattern (0=0º), f=800 MHz; 
Eft MHz LPDA. 
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Figure 43. Azimuth Radiation Pattern (0=90º), £f-100 MHz; 
POC COM 72 BRIDA: 
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Figure 44. Elevation Radiation Pattern (0=0°), £=100 MHz; 
100-800 MHz LPDA. 
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Figure 45. Azimuth Radiation Pattern (0=90º), f=200 MHz; 
100—800 MEz CREDA. 
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Figure 46. Elevation Radiation Pattern (0=0º), f=200 MHz; 
0800 MHz LPDA. 
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Figure 47. Azimuth Radiation Pattern (0=90º), f=300 MHz; 
100-800 MHz LPDA. 
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Figure 48. Elevation Radiation Pattern (0=0*), f=300 MHz; 
100-800 MHz LPDA. 
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Figure 49. Azimuth Radiation Pattern (0=90º), f=400 MHz; 
100-800 MHz LPDA. 
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Figure 50. Elevezion Radiation Pattern (0=0%), f=400 MHz; 
HEES DD MHz LPDA. 
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Figure 51. Azimuth Radiation Pattern (8=90°), f=500 MHz; 
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Eure 52. Elevation Radiation Pattern (9=0°), f=500 MHz; 
MWE 500 MHz LPDA. 
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Figure 53. Azimuth Radiation Pattern (0=90º), f=600 MHz; 
PSU ME ZMBED A . 
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Figure 54. Elevation Radiation Pattern (6=0%), f=600 MHz; 
MUSS 00" MHZ LPDA. 
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Figure 55. Azimuth Radiation Pattern (0=90º), f=#0© MIM 
NE. 
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Figure 56. Elevation Radiation Pattern (0=0º), £=700 MHz; 
MUO 500 MHz LPDA. 
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Figure 57. Azimuth Radiation Pattern (0=90º), f=800 MHz; 
100-800 MHz LPDX. 
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Figure 58. Elevation Radiation Pattern (0=0°), £f-800 MHz; 
MWE SOU MHz LPDA. 
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Figure 59. Azimuth Radiation Pattern  (0-90?), f=60 MHZ; 
O01 50 —MITZ- EN. 
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Figure 60. Elevation Radiation Pattern (0=0°), f=60 MHz; 
uu" 50 MHz LPDA. 
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Figure 61. Azimuth Radiation Pattern (0=90*), f=70 MHz; 
O0 T50 MHZ JEN. 
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Figure 62. Elevation Radiation Pattern (0=0"1, f=70 MHz; 
60-150 MHz LPDA. 
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Figure 63. Azimuth Radiation Pattern (6 
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Figure 64. Elevation Radiation Pattern (0=0º), f=80 MEz; 
00—T50 MHz LPDA. 
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Figure 65. Azimuth Radiation Pattern (0=90°), f=90 MHz; 
0015020. 
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Begure 66. Elevation Radiation Pattern (0=0%), f=99 MHz; 
BEE 150 MHz LPDA. 
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Figure 67. Azimuth Radiation Pattern (0=90º), f=100 MHz; 
00- 1500 LE 
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Figure 68. Elevation Radiation Pattern (6=0°), £=100 MHz; 
905150 MHz LPDA. 
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Figure 69. Azimuth Radiation Pattern (0=90º), f=110 MHz; 
60ST S0 IER 
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Figure 70. Elevation Radiation Pattern (0=0°), f=110 MHz; 
b0=150 MHz LPDA. 
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Figure 72. Elevation Radiation Pattern (6="*), f=120 
moet a0) Miz LPDA. 
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Figure 73. Azimuth Radiation Pattern (0=90*%), f=130 MHz; 
60-150 Miz EA. 
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Figure 74. Elevation Radiation Pattern (0=0%), f=130 MHz; 
8"—150 MHz LPDA. 
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Figure 75. Azimuth Radiation Pattern (0=90º), f=140 MHz; 
ge DEG 


1206 


140MHz 


O 


AD [0440 (100 tilit 


jee e+ tbe ede ees 


- 


E884 tr UU UU UU DL LB 


N 
SE 
= 
O 
23 
O 
O 

I 
CO 
Gm 
CC 
Ë 
< 
a 
一 | 
< 
O 
m- 
CC 
LL) 
> 





Figure 76. Elevation Radiation Pattern (0-0º), f=140 MHz; 
GO 150 MHz LPDA. 
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Figure 77. Azimuth Radiation Pattern (8=90°), f=150 MHz; 
0015086 EP PE 
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Figure 78. Elevation Radiation Pattern (0=0%), f=150 MHz; 
510-159) MHz LPDA. 
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